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THE CHARACTERISTICS OF 78 RELATED AIRFOIL SECTIONS FROM TESTS IN THE
VARIABLE-DENSITY WIJKb TUNNEL ~

v
By EASTMAN2?. JACOBS,KEINNDTHE. WARD,and ROBDRTM. PINZEIiTON

SUMMARY

An inve@@ion ~ a large group of reluied aifoib
was made in the N.A.C.A. variabledensity wind tunnel

ala lurge valw of the Reynold.8Number. Tlw tan%were
mud%to provio% data thut muy be directly employed for a
ratwna-1choice of the most euitabk airfoil section for a
giwn application. Tha variation of tlw aerodynamic
characteristics with variation+ in thickm-ss and mm-line

form were therefore 8y8tem&cdy W&d.

The reluted aifoi-1 prom for thti inwxtigaiion were

developed bIJ combining certuin prom thickness forms,

obtained by varying tti maximum thidhws of a bm-ic

di.strilndion, un”thcertain mean linee, obtained by varying

the length and tha poeition of the maximum mean-lina

ordinute. A numbm of valuee of theee 8hape vimiublea

wire wed to 0?8rweafamdy of airfo?&. For the purpo8e8
of thti invedigdon tlw construction am?te+%swere limited

to 68 airfd of thh famdy. In addition to the8e,8ever~
eupplementmy ai~oile have been included in oro?+wto

study the e$eei!a of certain other changw in th form of tlu

meun line and in the thicknees dtitn”buiion.

The rewdt8 are pre-sented in t?w 8tandard graphic form

repreeeniing the airfoil charaderixtim for in.niie aspect

rtiio and for mpeot ratio 6. A table 121&o given by
mans of which tha importad characteri&x of all the

airfoils may be conveniently compared. The varidibn af

tha aerodynamic chum.cteri.stix with changes in 8hape h

shown by additimud curvix and tab.?a. A comparimn

is mude, where possible, m“th thin-airfoil theory, a

&ummury of which is preeented in an appendix.

INTRODUCTION

The forma of the airfoil sections that are in common
use today are, directly or indirectly, the rcmdt of
investigations made at GtMingen of a large number of
airfoils. Previously, airfoils such as the R. A.I’. 16
and the U.S.A. 27, developed from airfoil protilcs
investigated in England, wero widely used. All these
investigations, however, were made at low valuks of
the Reynolds Number; therefore, the airfoi.k developed
may not be the optinium ones for full-scale application.
More recently a number of airfoils have been tested in
the variable-densi~ wind tunnel at valuea of the
Reynolds Number approaching those of flight (refer-

mce 1) but, with the exoevtion of the M-series and n. .
geriesof propeller sections, the airfoils have not been
Systematically derived in such a way that the results
could be satisfacknily correlated.

The dwigg of an efficient airplane entails the careful
balanciqg of many oodlicting requirements. This
~tatementis particularly true of the choice of the wing.
Wkhout a lmowledge of the v~ations of the aerody-
namic characteristics of the iiirfoil sections with the
variations of shape &at atlect the weight of the struc-
ture, the designer cannot reach a .wdiisfactirybalance
between the many conflictkg requimmenta.

The purpose of the investigation reported herein was
to obtain the charaoteristies at a large value of the
Reynolds Number of a wide variety of related airfoils.
The benefits of such a s@ematio investigation are
evidimt. The results will greatly facilitate the choice
of the most satisfactory airfoil for a given application
and should eliminate much routine airfoil testing.
Finally, beoause the results may be correlated to
indicate the trends of the aerodynamic characterktics
with changes of shape, they may point the way to the
design of new shapes having better characteristics.

Airfoil profika maybe considered as made up of cer-
tain proiile-thickness forms disposed about certain
mean lines. The major shape variables then become
two, the thiclmess form and the mean-line form. The
th.klmes.s form ia of particular importance from a
structural standpoint. On the other hand, the form of
the mean line determines almost independently some
of the most important aerodynamic properties of the
airfoil seotion, e.g., the angle of zero lift and the
pitching-moment characteristics.

The related airfoil profiles for this investigation were
derived by changing systematically these shape vari-
ables. The symmetrical proilks were defined in terms
of a basic thickness variation, symmetrical airfoils of
varying thickness being obtained by the application
of factors to the basic ordinates. The cambered pro-
files were then developed by combining these thickness
forms with various mean lines. The mean lines were
obtained by varying the camber and by varying the
shape of the mean line to alter the position of the
maximum mean-line ordinate. The maximum ordinate
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of the mean line G referred to throughmd thti report w the

cumber of the airfoil and the posiiion of the maximum

ordinate of the mean line m the position of the cumber.

An ai.n$oil, produced as dawribed above, ti daignated by

a number of four digits: the jirst indicates the cumlxm in

percent of the chord; the wxond, the position of the cumber

in tenths of the chord from the leading edge; and the l.a.st

two, the maximum thicknem in perceni of the chord.

Thus the N.A.CA. 2315 airfoil has a maximum camber
of 2 percent of the chord at a position 0.3 of the chord
from the leading edge, and a mtium thiclmess of 15

percent of the chord; the NA.CA. 0012 airfoil is a
symmetrical airfoil having a maximum thiclmem of 12
percent of the chord.

In addition to the systematic series of airfoils,
several supplementary airfoils have been included in
order to study the effects of a few chang~ in the form
of the mean line and in the thickness distribution.

l?reliminmy results which have been published in-
clude those for 12 symmetrical N.A.C.A. airfoils, the
00 series (reference 2) and other sections having d.itl’er-
ent nose shapes (reference 3); and those for 42 cam-
bered airfoils, the 43 and 63 series (reference 4), the 45
and 65 series (reference 5), the 44 and 64 series (refer-
ence 6), and the 24’ series (reference 7).

H the chord is taken along the z axis from O to 1,
the ordinates y are given by an equation of the form

+y=a++qz+ad+a# +a42+

The equation was adjusted to give the desired shape
by imposing the following conditions to deternine the
Constants:

(1) Maximum ordinate 0.1 at 0.3 chord

Z=O.3
dy/ci!$il

(2) Ordinate at trailii edge

X51 y=o.oo2

(3) Trailing-edge angle

X=l dy/dx= – 0.234

(4) Nose shape

Z=o.1 y= O.078

The following equation satisfying approximately the
above-mentioned conditions represents a profile having
a thickness of approximately 20 percent of the chord.

&g= O.29690.&– 0.12600x -O.35160&+ 0.28430$

– 0.101502?

.1- — N A C A. family

0<+

‘Xk
O Gdff. 398

x● v =a2.96.90~- 0.12&Z7x-a35160x*+0.28430x3<IO150X4
Basic ordinates of N. A.C.A. family airfoih (perceni of chord)

:i&- 0 L2S &o 7.5
0 3.137:!.59 &m 7.m 1!m 1:‘m %& ‘Rma %m

40 In!a.071%3 :.096.107‘km ‘2 4139:244 m
aflo

The tests were made in the variable-density wind
tunnel of the National Advisory Committee for- Aero-
nautics dur’mg the period from April 1931 to Februmy
1932.

DESCRIPTION OF AIRFOILS

WelMmown airfoils of a certain class including the
GMingen 398 a~d the Clark Y, which have proved to
be efficient, are nearly alike when their camber iE
removed (mean line straightened) and they are reduced
to the same maximum thickness. A thiclmessvariation
similar to that of these airfoils waa therefore chosen for
the development of the N.A.CA. airfoils. An equation
defining the shape was used as a method of producing
fair profiles I

This equation waa taken to deii.ue the basic section.
The basic prcdile and a table of ordinates are given in
iignre 1. Points obtained by remotig the camber
from the GtMingen 398 and the Clark Y sections, and
applying a factor to the ordinates of the resulting
thickness curves to bring them to the same maximum
thiclmess, are plotted on the above figure for com-
parison. Sections having any desired maximum thick-
ness were obtained by multiplying the baaic ordinates
by the proper factor; that is

+y,==& (0.29690Ji – 0.12600x- 0.35160&

+O.2843OJ$-O.1O15M)
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where t is the maximum thiclmess. The leading-edge
radius is found to be

When the mean lima of certain airfoils in common
use were reduced to the same maximum ordinate and
compared it was found that their shapw were quite
diflerent. It was obswved, however, that the range
of shapes could be well covered by assumiDg some
simple shape and varying the maximum ordinate and
its position along the chord. The mean line was,
therefore, arbitrarily defined by two parabolic equa-
tions of the form

y.= bo+b,z+bd

where the leading end of the mean line is at the origin
and the tiding ad is on the z axis at $=1. The
values of the cxmstantafor both equations were then
expressed in terms of the above variablm; namely,

(1) Mean-line extremities

x-o y.=’

X=l yc=o
(~) Ma~m ord~ate of m- he

r =p (position of maximum ordinate)

.10K 6

I \\E

o k

and

%“* [(1–2p)+2pz-~ “

(aft of maximum ordinate)

The method of combining the thickn~ forms with
the mean-line forms is best described by means of the
diagram in fibwe 2. The line joining the extremities
of the mean line is chosen as the chord. Referring to
the diagram, the ordinate y, of the thiokness form is
measured along the perpendicular to the mean line
from a point on the mean line at the station along @e
chord corresponding to the value of x for which y~
was computed. The resulting upper and lower surface
points are then dtignated: -

%fttioDs X= and Z~
Ordinates yg and yl

where the subscripts u and 1refez to upper and 10WW
surfaces, respeotiveIy. k addition to these symbols,
the symbol o is employed to dcaignate tbe angle be-
tween the tangent to the mean line and the z axis.
This angle is given by

Iy Ouf%, vu

i

&/ w\\
x

~/xl, Vt)

-VIOL ‘Radus throughend of chord
X.=X–V; Sip B yu’gc+wtaJS19
XL=X+IA sme m =“wt-wc=~

l.p

Sam@e calculations for detioaiion of N.A. C.A. 8S21

SIOWOfradhsthrooshendOfohord.

~QuEEi!.-ldelhod Of dOOMW CUdkmtf?SOfN.A.O.A. mmb?i%dofrfdb.

y.= m(mfium ordinate) The following formulas for calculating the ordinates
dy~dz= O may now be derived from the diagram:

The resulting equations defi@g the mean line then
became

(forward of masimum ordinate)

q=x–yt sine
yu=yc+yt Cos e
Xz=x+yt sin e
yz=y.–y, Cos o

Sample calculations are given in figure 2. The center
for the leadingdge radius is placed on the tangent to
the mean line at the leading edge.
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A family of related airfoils was derived in the manner
described. ● Seven values of the maximum thickness,
0.06, 0.09, 0.12, 0.15, 0.18, 0.21, and 0.25; four VShle9
of the camber, 0.00, 0.02, 0.04,-and 0.06; and six valuea
of the position of the camber, 0.2, 0.3, 0.4, 0.5, 0.6, and
0.7 were used to derive the related sections of this
family. The profiles of the airfoils derived are shown
collectively in figure 3.

I?or the purposes of @is inv@gation the construc-
tion and testswere limited to 68 of the airfoils. Tables
of ordinates at the standard stations are given in the
6gures presenting the aerodynamic characteristics.
These ordinates were obtained graphically from the
camputed ordinates for all but the symmetrical sec-

models, which are made of duraluminj have a chord
of 5 inches and a span of 30 inches. They were con-
structed from the computed ordinates by the method
described in reference 8.

Routine measurements of lift, drag, and pitching
moment about a point oh the chord one quarter of the
chord behind”its forward end were made at n Reynolds
Number of approximably 3,000,000 (ti pressure,
approximately 20 atmospheres). Groups of airfoils
were iirst tested to study the variations with thickness,
each group containing airfoik of Mlerent thiokneases
but having the same mean line. Finally, all airfoils
having a thidmess of 12 percent of the chord were

-c
21’09

4606
/

4706
/

4206

T$~,>’)ytires.

L

Two sets of tr4~e ordinates are tiven. ] tested to study the variations with changes in the
Those inclos~b~-’kes~, which are giv~n to
facili@*canstruction, represent ordinates to which
,thg’surfaces are faired. In the construction of the
models the trailing edges -wererounded off.

Three groups of supplementary airfoils were also
c-onstruoted and tested. The derivation of these air-
foils will be considered later with the discussion.

mean line.
RESULTS

The rtw.lts are presented in the standard grqphic
form (@s. 4 to 80) as ooeflicients corrected after the
method of reference 8 to give airfoil characteristics for
irdinite aspect ratio and aspect ratio 6. Where more
than one teathas been used for the analysis, the Mn.ite
aspect ratio characteristics horn the earlier test have
been indicated by additional points on the figure. Table
I giv= the important characteristics.of dl the airfoils.

APPARATUS AND METHODS

A description of the variable-density wind tunnel
and the method of testing is given in reference 8. The



u

CHKRAWEXUSTICS OF AIRFOIL SECTIONS FROM TESTS IN VARIAJ3LJ3-DDNSITY WTND TUNNEL 303

.12

II

.10

.09

d
~.08
.$
U.07
s
~.06

b
0.0s
+
&.04
%2
:.03

,t

.02

.01

0

J-. I

$_z

6

-k
-.3

8-.4
I I I I 1 1

‘8-404 8 12 16 20 24 28 32
s

:4 :2 0 .2 .4 .6 .8 LO .12 [4 L(5 1.8
Angk of atiack, a (degrees) L iff coefficient C.

FIIXTEE L—NA.OA. IX03aIrfoIL

I ,

-8 -4 048 12 16 20 24 28 32
Angle of attack, a (degre=)

.44

.40

.36

.32

‘s

./+
Q

.12

.08

.04

0

&
.,,

L iff coe-fficd, C.

Fmum h—NA.OA. W airfoh.



-

304 REPORT NATIONAL ADVISORY COMhUTl?EE FOR AERONAUTICS ,

.44

.40

.36

.28 -
g

1.24”-

‘.20!

.12

.08

.04

0,

./2

.fl

.10

.09

8
*48 -
$
.9.07
~

8.* -
i?05

-+
4.04

~

$03

.02

.or . . .

0
/ ‘

?&l
df

g::

-E --3 :

i
-.4

4 -2
Angk of ofiach a (degrees)

L

‘M
&-Joi%I!A.A~.A. 0015 RM3ZUQ020

I

Pre&hciofmJ2&%t%~9y; ‘“2
W%we fesfed:LhiAL- Test: KD.% 728 _-4
Corrected for tunnel-wall effec#

1 , , , ,

-8-4 0 4 8 12 16 20 24.2832
Angk of aifa& iY (degrees)

.44

.-@

.36

.12

.08

.04

0

? .2 .4 .6 .8. LO .!2 L4 L6 1.8
Liti coeflcient, C.

FXGUEE7.—N&CA. 0116olrfoll.



CHARACTERISTICS OF AIRFOIIJ SECl?IONS FROM TESTS ~ VA.RIABLE-DENSITY WIND TUNNEL 305

I I I I I Ill
W60WIO0

%
.44

1- 1bulbx1451-6645 2.0 .40

[8 .31S

1.6 .32

1.4 .28 -
i

1.2 by24$

/ If= ~
k

J I I 1 VI I I ./ r 8;..

I I I I I
I I I +

HIEEiEr
?-404 8 12 16 20 24

10” I I I I ! I I I -12

$::
. Airfoil: b.~. 09)8 Rh!:~ 15qm

D&: /-6-32 Test: KD.Z 747. +6

$
Correcfed io in finiie aspect rotio [

T4T2L7. 2.4. 6.8L0 L?L4.L6B

-8

Anqle of offack, a [d~re&s) Lit7 coefi%ieti CL

~QUES8.-N.A.C.A. 13118dlfOn.

.12 48

.11 44

.10 40

,09
2

?/? al

c?

.44

.40

.36
, , I , , 1 1 1I k 1 , , I

28; O

24$20

~20;40. .

I II 1’21 Y1’1
I I I I I I I I I [MIA — [4

I I I I [! 1C.p.l
l-t i 1

12&jr 1
%-

j .(K

I I All
I i r./L4 L I I 1A

.02

.12 .01

.08 0

.2 .04
H % I I I I I I I I l-t

! I I I I w n 0$0:-w IAirfoil: A!A.CA. D021 RA!:~ l~DOO -

-4 q Size: ~x30” W (fi/ssc.): 6&6 _.2
Pres. (.sihd cnW:20.8 Ooie: I -7-32

6

I I I I Corre+d +0 int7ni+e aspect roflo 1-’”

.2 0 .2 .4 .6 .8 I!O 12 L4 i6 1.8-8 -4 0481216 Z?J 242832
Angle of oifack, a (degrees) L iff coefficient C.

~131JES9.—N.A.C.A.W dliOfL



..— —-- .—- ....,-+. . . —- -.s .4 .

306 REPORT NATIONAL ADVISORY COb13DTPDEl FOB AERONAUTICS

/2 48

.11 44

. f o 40

.44

2.0 .40

1.8 .36

/.6 .32
QQ

/.4 .28>-

“ , , , , , , ,.I , r , , I I

‘ &.05
I I I I I I I I I I I I I I M

20;

z
16 ~

-t
&).&~
?.03 12 “:
K $

.02 8(..

.0/
4<

0

c1

u

-. / -4 %

i--- 2
0

-8%
4

:-.3 -/2

s
$-.4 -16
z

74 :2 0 .2 .4 .6 .8 LO L2 L4 L6 1.8

+H-Hl-H@

=&l-H+-- of/ x. I .44.08T
I n 1/1 I I I ‘..

.2 .04
-%
0 4:
0. . L

$ Og
I I I I I I I I I I I 00

c BB-
&&aJ~-M!&~A 0025 RN:423QW - -

-4 .; IVel~se@: 6&3 -.2
~.(.h3.o~:20.8 LWe: 1-8-32

6
-8

Where fesied:LXA.L. T&U2% 749
Correc+ed for fumel-wall effecf ‘-4

L , , , , 1

-8-404 8 12 16 20 24 28 32
Angle of affoclc & (d~rees) .&fff coefticied, C.

PIQUEE10.-NA.OA . muwon.

L

~
k“ .

I I , ,, 1 ! rl , , , , ,, , , , , , P
II Y I 1 -~. ti 1 I I I %1 I I I I .1 I I I I I I I I I :

foo .4<.08

.2 .04

09

0 0$

d?-.I -4 %

$_. z -8$

-.2

-.4

u -.3 I I I I I I I I I 1 I 1 I 1 1 1 I I 1 I

Airfoil: AIACA. 2212 RN: 422QOO0
-12

$
~ -.4 — 1 1 a-n% .1?- .?-.31 Test: K D.% 719 ,-

$
74 72 0 -.2 .4 .6 .8 LO .12 [4 16 L8,,

Liff coefficid, C.

A. ml drfon

, i i ,Z;;----- -. -----
reefed +0 in fini+ e a.mecf ratio -1-’0

1 1 I I 1 1

-8-404812162024 2832
Angfe of afiack & (degrees)

FmuEE lL-N.AO,



CHARACTFEUS’IW!S OF AIRFOIL SFWCIONS FROM TESTS IN VA.RIABLJ+DENSITY WIND TUNNEL 307

./2

.11

.10

.09

cl
-.08

3
:$.07

48

44
& g ,% ;;-;
5.0 243 -1.15 ~o7s 301-1.2210.-idn-12> 0 2040 e0801m
I 40

36$

32&

28$

.—----
w~ :$/ Per cent of chord

-1.04
P -&m 1 I 1 1 I I 1 I 1 1 1 I 1 d4

2U I4.65

. . .

M 20” .40

1.8 .36

K I , I Ll,,ll,, c<

. Oz 1 I I u I 1 I

.01

0

J-.1
.4ti .08

.2 .04 ~%. . -

~- -.2 I I I .? I I I
8

+&
ill

I I I 4

I , , , d

00

-.2 % -.3 I I I

E

-/2
Airfoil: NACA. 2306 R. M:4080,mo

-.4
.Dafe: 9-24-31 T-f: K D. Z 680. _,6

ii
b~ecfed to ;nfinite aspec+ rqtb

.4 %2 o .2 .4 .6 .8 1.0 1.2 L4 L6 .!8
I I Co;rected {or funnel-wall effect ‘.4

-4 0 4 8 [2 16 ZO 24 28 32
Angle of affack, a (degrees) Lift Weffiu-., C.

FIGUREU.-N.ACA. Z9Mdddl.

+-H--+-44
o

.44
, , , I , , I I , 1 I 1

I

20

L8

1.6

L4

L2~

.40 ;.LW , , I 1 , , I 1 1 1 1 1 I I I .,, - 1

{
32 %

.5
I

I I
&

I I I ) I I I 1 I I I 1 I ) I 2 I I
.36 28$

.Q-
24 ~

L
I I I I I I I I I I N I
I I I 1 I I I I I I I I

, , a
1 1 I I 1 , , , ,z

<.03
k

“ .02

.0/

o

3 -- I

$-.2

;-.3

. .

.12

.44

.2

0

.08

-4:.04

o I I I I 1 I I I 1- 1 I I I

I I II I I I II-.2

-.4

-12

E-.4 I I I Dafe: 9-24-57 Test: K.D.z”681 _16

$
Correded +0 in fini+e ,aspecf raiio .

.4 72 0 .2 .4 .6 .8 /!0 12 L4 ,!6 L8
L , !

-8-404812162024 2832
hgh of attack a (degrees) Li77 coefi7cienk C. ‘--

~GURE M.-NA.O..IL23@Jdrfd.



.—

REPORT NATIONAII ADVISORY

.44

.40

.38

.32
Q

.&

.24$

.~ ;

.16 ~

Q
.12

.08

.04

0

COMMITTEE FOB KE130NAlJTICS

Angk of 017ack, ci (degrees) Liff coef77cid, C.

FImmElL—NA.O.& !UMahioil.

m } ‘ ‘i ‘ ‘ ‘1 ‘ ‘ ‘ ‘

Sfa WC LWr.
$1:

& @ &
.12

;: -,;
48

+: :Ee -m .11

10 7.3%= “. o

44

15 &!5 -5.13
20 40 60 80 loo

m .a7-. ?n Per Cenf Ofcbord I -10 40
.“ -.,

25 93 -2%
30 - -D Ill
. . . . —.- .44 .09 36$

l___ .- Q$--
32$?

L

o

2.0

1.8

L6

L4

.40 ~-.O8~ , , , ,

, , , PI

I
I I I I I,

-6 w

~ ~:: ii:

4
-12

-16

-8-404 8 12 16 20 24 28 32 =4 =2 o .2 .4
Angle of uftack, u (degrees)

.6 .8 LO 1.2 1.4 L6 1.8
L iff coefficient, CL

FIGURE15.-NAO.A .U5 dddl.



CH.AWWTERISTICS OF AIRFOIL SIKWIONS FROM TESTS IN VKRIABIWDlijNSITY WIND TUNNEL 309

Ilaa’m II?.-NA.C.A. MMakfd.

0

+HH+HHH .44 .091+H+Hwm

w 3.4? - /.63 1 9
70 4.27 -124 2.0 .40 Z.08 32 ii’
m 3.10 -.85
so 1.72 - .47 1 ‘$

t ~

95 .94 -.28 II /.8 .36
,

:~.07 . 28$

a/%htOik h! A.CA. 2409 i.li:.j I IQOOO
Size: 5“x30 - VeL[ff/.sec.): 6.93.
Pres. (s fhd.af@:20.8 Da fe:9- 9-31
Where fesfed:LMA.L. T&:KRZ 666
Corrected for iunnel-wal/ effecf

1
t -4 04812162024,2832

.4ti.08

.2 .04

00

-.2

-.4 .

Angle of cn%ck, a (degrees) .Liff coefickni. ~

FIQUBE 17.—NAC.A. 24C?Jalrfoll.



. --- .— - -------- .-.--. —-. +..,. -.— .

REPORT NATIONAII ADVISORY COM&UITEE FOR AERONAUTICS

Zo L?e

II

25 7.67 .-8
.30 7.&s -4.12
40 7a9 -300
so Zat -.52?4

.44

2.0 .40

L8 .36

1.6 .32

./.2

.1)

. Ic

.0s
&

70 s 18 -21. m-.a
m 3.75 -1.5 c
90 209 -a .?
95 1.{4 -.4 .2.07

;po (.13)(-;
I I I I I I I

LE.-: l-m t r, ..,,,, -, !mi 1 I 1 I I , I 1] u
111.1 I 1.4 .28%o

2D

40

60

80 I m If I I
I /

Iwo- I {

1 /
/, .4

Q
.6:.12

.4; .08

.2 .04

00

HH
Size: ~x30”
Pr-es.(3f”d0hn)2$dEe23

. .

f3? --2

I
Where fesfedLM.4L. T& ED-Z 721 _.4
Gbrrecfed fir funnehva[l efi%cf

L 1

-8-404812/62024 2832

$’-05
&04

&03 12$

.02 ~.:

4:

Angk of offack. u (degrees) Liff we ff%knf, C.

FIQUBS 18.—N.A.C.A. 242 akfoll.

o

.44

Hiim

2.0 .40

[8 .36

[6 .32. Q
b

1.4 .28u-
S

[2@24:$

8I.oj- .20 ~

,8~ ./6 ~
Q

.6; ./2
..

.4<.08

.2 .04

00

Ha

-.2

-.4

#{ Akfoil: pA,I-2A. 2415

1
-4 0481216 Z0242832

Angk of affack, u (deqrees)

48

4

40

28 No

Ii I I I

J-.1
5--.2

I I I I I I I 1.1 I I I I

G
, , I , ,

% -.3 Ill I I I I I

!

Air foil: AMCA. 24/5 RA!:ZD6QDD0

-.4
>Date: 9-10-3/ Test: KD.% 668

Correcfed +0 in fini+e asmcf ra+io,
‘:4:20 .2 .4 .6 .8 ‘LO “L2 14”” ‘L6 L

L iff coefficimt C=

./6

FIQURS19.-NA.OA ,2415alrfon



OHAEACTERLSTICS OF AJRFOIJJ SECTIONS FROM TESTS IN VARIKSLJZ-DENSITY WIND TUNNEL 311

.12 48

44

.10 40

.09
3

369 .

I I I J Ill
7 60 80 100
ntofd?ol-d

Eli

.44

2.0 .40

tH?tH’-83’
1 I I I I I I I I I I I IN b

%$!%L- 1 I 1 1 1 1 1 1 1 I 1 1 I Y1 I
u
(!).04 I I 11 1(9 8I I 1 I 1 1 i I 1 , 1 1 , )h I , ,>_.. .

c

!?.03
L

.02

.Ur

o

, , , , ,. , , , I .F7v.l?

,\ .4<.08
\

\ \ .2 .04

A
00

Airfoil: h!A.CA. 2418 R. IV:3,0tWm
f ‘ Size: ~x30- VeL[fi/sec.): 69.8. _.2

Pres.(sihdofmJ20.8 Do fe:9-11 -31
Where iesfed:L.MA.L. T&:ED.Z 669
Correcied for funnel-well effeci. --4

t-404 8/2/620242832

E- , , , I , , I b L

Angle of mibck, a (degrees) L ifi coeffickh, C. ““ -

ROUSE 20.-N.&OA. 2418airfd.

o

, , , , , , 1I-.
I I I I 1 I I J r

I I I I I I I I I I II l\ll }

II 11
A -?

. I 1 # 1 1 1 , 1 I ~

.02 8
+

$
.01 4%

o Og

J-., -4 ‘5

<-0-.2 -8 %
o 4

.6; .12
..

.4+.08
I I 1= I I I I I I I I I 1 t

.2 .04
,

I I 1- I I I I I I I I I i t
OP

, , , , , , ,
4 , , , , , t

:-.3
I I I I I I I ! I I I I I I I I I

5 Athfoil:h!A.CM 2421 mw--.m;;o” ’12
g -.4 .Lbfe:9-11-31

‘esf: ~D-F 670- -16
?

.cOr<ecfgd fq in fijiie ,osp@ miIo

T4zZ0.2.4.8 .81O12 ~416L8

-.2

-.4

Angle of affad LY [degrees) Liff coeficieni. C.

FIGUSR2L—NA.O& 2421W



. . , — —-

312 RJilPORT NATIONAL ADVISORY CO MIU’ITEE FOR AERONAUTICS

.44

.46

.36

.32
Q

28 .28:-
.&

24 .24.9
5

q=
Q

.20 !

f ‘8
./6~

a

* 12 .12

~8 .08
k
04

.0
.04

*

go o

-4

-8

-8 -4 048 12 16 20 24 28 32
Angk of &a& o! (degrees) L iff coef%ti, C.

FIGUBEz2-NAOA w e&foQ.

.12 46

.// 4+

.10 40

.44 .09 36 i’
& !!

o .40 .-.CW 328’
Q

8 .38 $.07 28$

24 gI I I 71 / I I I1.6 .32

Lkough &of 1 I I I I I I Ill I I I I
fiord: 2/2S Icml I i

I , t , .

I II I I )fN I
I M 1 I Ir

11111111 1 1 m 1 I 1/1 1 ml I /1

t!!

.6 U.12
g

.4<.08

.2 .04

~ o 0 ‘%-.2u—uuuuU

13fl=A&&fo$mh!AoA. 250;d9#~06Q:-IQ I

Presi (S%d afi7iJ:20. 7 DA: 3+5-31 .-
Where iesfedUf...l. T& VZK 673

1Cb-reefed %r tvnnelnfal( e** ‘-4

:4 0-48 12-16 20 24 2832 T4~20.2.4.6 .8i0
Angle of affack. a (degrees) Liff coeflcienh CL

FIGUBE 2x-NA.OA Z&XIOkfOil.



CHARACTERISTICS OF AIRFOIL SECTIONS FEOM TESTS IN VARL4B LE-DI?JNSITY WIND TUNNDL 313

o

8

6

4

Z@

ok
:G

8$

~:

..
44

2

0

2

4

‘4 048 121620242632
Angle of affack w (degrees)

~QUEE X—N.A.C.A

25 a9i
30 9.19 -m4
4g ~s -5.3:

s -- ------- 1

1. I IJ I I hl
I I

Q “6
.$ $ 1

-4 ~ Size: 5“x30” Vel (fi/&&
Pres.(3fhd.ofn#:.2L16 P-2-- o

6
-8

Where tesfedL.MA.L. Z
Corrected for funnel+. _.. -.. --, 1

-8-404812162024 28.32

J: 69.8
wuJr;3%8-3/
&&ZRK 675
.wnlr offer+

f)

.44

20 .40

/.8 .36

/.6 .32
QQ

L4 .28;’
G1.-

/.2 Q~.24$
*. y

/.0.; .20 ~

.8$16~
Q

.6; .12
..

.4<.08

.2 .04

00

-.2

-.4

.-
Liff we ffic&nf. C.

. mu drfon.

./2

.11

.10

.09

&
~.08
$
.3.07
$
;.06

$.05
+
&.04
e
:.03
Q,

.02

.01

0

J -. /

$-.2

$’
-3*.

$
E-.4

$ .4 :2 0 .2 .4 .6 .8 LO [,2 ~4 L6 L8
Angle of affack, a (degrees)

-IOi~21

~GUEE 25.-N.AO.A

Lifl coeff%u.&, C.

.2516airfoil.



. . .. . . . . . . .. .

REPORT NATIONAL ADVISORY COMMITTE D FOR AERONAUTICS

-4 048 f21620242832 .

.12 48

.11 44

.10 40
Y

.44 .09 38
& t

.40 <.&?
.s

328’
&

.36 $.07 28$

.3.2 ~ $06 $!Z4 ~

“+ {“5
20;

K
1.24G @4 J8 g

.Zu’ij :.03
b’

f2 g

.f6 ~ .0.2
.~

8L
Q

-12 .01
j

.08 0
0%

.04 &l -4 b

o ;“-.2 -8 S

u 4
–3%. -12

!-:4 _2 o .2 ~
-16

.6 .8 LO /!2 L4 /!6 18
Angk of dock, ci (degrees) L iff cbeflcient CL

FIQIZ%EM.-N.A.CA. 2618nlifdl.

.44

3
j .40

{
.36

~ .32

28~ O
Q’

.28*”
~

24$20 .24,9

5J20E4
4

.Ztl
$

pym .16$

{

Q
b /2 80* . J2

$ 8~1~ .08
‘% 1
* 4$ .04
.$
00 b
kQ

o

.~
-4 ~

8°

-8-4048 f2162024 2832
Angk of oiiuck, u (d~rees)

.4 72 0 .2 .4 .6 .8 LO 12 L4 L6 M
L iff coeficid CL

FIGURE 27.-N.A.G.A. 2QI OhfO&



CHARACTERISTICS OF AIRFOIL SECYIYONS FROM TESTS IIV VARIAJ3LE-DDNSITY WIND TUNNEL 315

I I I I Ill
Ilmmloo

.44

11;721:7; ;
2.0 .40

1.8 .36

.6:.12

.4:.08

.2 .04

00

-.2

-.4
f , 1

‘8-4048/2/62024 2832

.12 48

.11 #

.10 40
Y

.09
&

36$
L

<.08 32 ~

&06H+++

.02 8
.+

$
.0/ 4*

u
o 0{

3c-. /Q -4 %

Angle of cv?ack, a (degrees) L iff coe~ciwf, CL

~OUEE !26.-N.A.CA. !M12aMoI1.

Wa up>. Cm+.~

i!~.10

!&G - ?75 ~o
25 .%92 -240 Lu-o
5D 350 -.3.23 +$ J
%5 4.66 ‘378
10 5.2s -412 om406v &0100

I Per Ct?l+ofchar-d 1

‘5

.8$ .16 ~

.6 g ,2Q

$“

.4+ .08

.2 .04

00

H+lPres.(’.’bdal%#2L!%E%~4% ‘2
She: Px30-

1
Where ksfeaiLMA.L. T&: ED.% 724 _-4
Cbrrecied fir tunneball effect

J

-4 048121620242832
Angle of atiack, a (degnses)

FIGURE 2a.-N.A.OA.

IM7 coeti%ibid, Cz

Z7u Blrfon



316 REPORT NATIONAIJ ADWISORY COM3U.TTEE FOR AERONAUTICS

.44

.40

.36

.32
u“

.28:
al..

1.24$ .~.u+

.20$ k.03
~’1

-16 ~ .02
Q

.12 .01

.08 0
.

-4 ‘G
a

. =-

Y .

0 &-_.2 II I 1 n a , , 1 1 l-u y
6 I I I I I I I
u I I I I I I I Itl

<
C-3%.

Airfoik NACA. 4212 R.hO 32MOO0
-12

t -.4 . Dak12-fO-31 . Test: K D.Z 729. +6

$
Corrected fo in fi~ife ,uspecf rgfio,

.4 72 0 .2 .4 .6 -8 LO L2 L4 L6 M. . . .... ----
Angle of atiock a (d~rees) L Iir coetrfctent c.

~GUEE W—N.&CA. UIZ airfoil

12 48

.11 44

.10 40

44 .09 36~
& !!

.40 <.08 32 y
5

~

.36 :5.07 28$
+

.32 ~ ; .06 24%

Q. b
.28$ ~ .05 20;

.24$ ~ .04
t16$

k ..

.20! 1.03
bq

/2$
%

.16 ~ .02
SC

8<
Q

./2 .0/
Q

4*

.08 0
8

Oa
0

.04 J-J -43

0 ;’ -.2
0

-8%

u 4
%-.3

i

-12

-.4 -/6

-404 8 !2 16 20 24 28 32
%

-.4 Z2 O .2 .4 .6 .8 I.O 1.2 L4 16 L9
Angle of oifack. a (degrees; Lift coefficient C’

FtmEE 31.-NA.O.A W ahfoil



CHARACWERISTICB OF AIRFOHJ SEfloNs ~oM TESTS IN VARLABLJ3-DENSITY WIND ‘I?UNNDL 317

-4 04 812162024283

‘o

44

2.0 40

1.8 .36

1.6 .3Z
Q

L4 Z8;”
@

.2 .04

00

-.2

-.4

>

hl

28$

---~
Q

+ u>

o *

:-.3

{

-12

-.4 -16

.4 .Z o 2 .4 .6 .8 LO L2 1.4 L6 L8
AngJe of attack a (degrees) ‘-

~GUEE 32.-NA.CA. 4WJ alrfofl.

o

8

6

4

z~

0$

5
6U*

4.;

z

o

2

4

-4 048 12 16 ZO 24 28 32
Angle of aitack, CY (degrees)

FIGURE 33.-N

.44

.40

.36

.12

.08

.&l

o

Liff we flckni C= -

-43
al
=-

.12 48

.11 44

.10 40

.09 @
&
~.08 &

32$
$ L
&07 Z8 $

, ; .06 24 ~
L

p 20 ~

~ .04 16$
c
t .03

,k
/2$

$
.02 8<

.01 4:

0 8
0>

c1

o
-. I -43

$-. z -8$
8 4

-3%..
ii

-12

$
-.4 -16

-.4 :Z o .2 .4 .6 .8 1.0 L2 L4 L6 1.8
Lift coefficient, L%

u.c.A. 4312WOII.



318 REPORT NATIONAL ADVISORY COMMYI’TEE FOR AERONAUTICS

48

44

40
3

.44
I

BiEH2.0 .40

1.8 .36

.

1.6 .32
c?

1.4 .28<~
.-

.; .O+H-++

ME13
.4

.2

‘.08

.04

0
;-., -4 %

%--.2 -8$
0 *,. , ,

1 I I I I I I I I I I
; -.3 I I I I 1 I 1 1 I I 1 1 I I I I I

Airfoil: AM.CA 4315 R.h(:~ 12~OD0
-12

g-j - Dofe:4-14-31 Test: KD.Z 565. +~

z
Correcied +0 in finife osp& mfio

74 72 0 .2 .4 .6 .8 ID .L2 L4 i6 A8

/l Size: 5-X.X7 - V&L(f&se-c : tW-3 -.2
JPres.(sfh!oin#:20.8 Dafe: -!4-31

$ , Hf+we fesfedLMAL ksk~ax 565, _.4
Correc+ed for tunrd-well effect

-8 -4 048 12 16 20 24 28 32
L iff coefficknt CLAngle of ofiock m (degrees)

I?IWJEEW—N&C& 4als Won.

./z 48

.11 4X

.10 40
Y

.44 .09 36 ~
&

.40 S. Of?
$

32 h
~

36 $.07 28$
6

.32 ~ @ 24%

~- b
.281 ~.05 20 i

.? -tJ :
.24$ .~.04 16 ~

.20; &u 12$.

.16~ .02 ~.; ,

Q
./z .01 4:

lJ
.08 0 0{

J.04 ~ -.1 -48
“,

o $-.2
0

:-.3 -12
$
G--4 -16
3 .4 :2 0 2 .4 .6 .8 1.0 1.2 /.4 ~6 M

o

20

/.8

1.6

L4

L2~

/.0$

.8.%

.6 E
*

.4.<

‘.2

o

-.2

-.4

-404 8 12 16 ZO 24 28 32

.

Angle of offock m (degrees) Liff coefficient C.

FIGURE23.-N.A.C.A. 4318OkfOE



CXIAR.4CTT3RISTICS OF AIRFOIL SIWI’IONS FROM TESTS IN VARIABLE-DDNSITY WIND TUNNEL 319

./2

.11

10

.09
&
~.08
.$
.9.07
k
$06

b
0.05
+
.&04
c
?.0.3
Q

b 02

.0/

o

&/

$-.2
0

:-.3

s
5-4
s -4-20.24.6.810 121.4L6i

48

44

.44

.40
2’ m‘“ 6(‘:’

w 36, ,.-Pa I , , , , n 1
{ 95 .?.00 - .e4 /.8 .36

-0
m (2.?)(-.$2)
km - ~ I I l!’ 1 I I 1 v 1 I

j L..c. /?o “ --- 6

SIOm a

I A
?0.. 4.U5 I I I I I ).6 .32
?frO&s . J’

b’

c /1 /.4 .28;
. o

20

1
4: 2 .04

ok 00
c

-4.< -.2 -12
u

-8 II-HI Where fesfed.-L.MA.L. T&:%L2Z 567
Correcfed for funnel-wolf effecf -4

‘8-404812162024 2832
Angle of offock, a (degrees)

-16

?
L It? coefficient C.

I?IGUEE23.-NA.O.A. 4221alrfoll.

2

4

6

8

10

./2 48

.11 44

.10 40

.09
336:

c-? L
~.08 32 $?

$
&

.g.07
&

28$

:.06
,U

24”:
\

R 05 20;
+
@4 16 ~
<
:.03
x.

12$<.
,

.02 8-:

.01 4:
L1

o 0{

J -. I -4 k

~-–- 2
0 -8$

:-.3 -12
s
E -.4

s
-16

z4~20.2.4.6 .8 [012 14/618’

II I I
I I I I

J I I I I Ill
O 60 80 100

.44

2.0 .40

1.8 .36

/.6 .32
Q

[4 .28~”
$

1.2Q~.24~,.
ii

/.0$:.20:

.“- .,” 8
Q&

.6@
..

ElaiH
.44.08

.2 .04

:$--’0Pres.(sfnd oim+ 20..9 Dofe: 8-21-31
Where fesfed:LtiA.L. fisf:ZLIX 651 _-4
Correcfed for funnel-wall effecf

-8 -4 048 12 16 20 24 28 32
~gfe of affock, a (degre~s) ‘- - L iff coefficient C.

FIQIJEE87.-NA.OA. 4409&foil.



.—

320 REPORT NATIONAII ADVISORY COM3UI?PE D FOR AERONAUTICS

./2 48

.11 44

.10 40
n

I I I I I Ill

.44

0 .40

8 .36

6 .32
6

4 .28~
0

2~.24$

I t I I I I I I I I I I I !1 I
: !36 ~

P al

.&.c@ /6$
<
?.03 /2$
Q f

‘ .02 8;

.01
4:
0$

J..; -4 b

$.2 -8 %
o 4
‘-3%. -12
s
~–-4 -16
z 74 ZZ. O.2.4 .6 .8 LO L2 L4 L6 18

.20;

./6:
Q

.12

I 7qooo
,m:d~af

whi%f&dtiL T5+:Eaz 652
Corrected for funnel-wall effecfI 1

-8 -4 048 12 16 20 24 28 2

.4<.08

.2 .04

00

-.2

-.4

Angfe of m$%ck, & (degrees) L iff coef?icien+, C.

,44maM0nFmwm 2&-N.A.OAI

rSh Upk Lid-.

A 2.-M -:’
2.53.39 –1.95
504.73 -.?.49
7.5 S 76 –274
10 659-266
15 7B9 –.?66
= &80 -.274
22 S$41 :=

.f 2

.11

. JO

.09
&r.

48

44

40Per cell’ OfChord

I !1!1 I ‘1 II
L I I [ I I I I I

.44

.40 I I I I I I I I I I I I I

.36

t I 1 1 1

;.04 I I I I /6 ~

,Zg

8:,-

4:
0$

I 1 1 1 0

J-.1 -4 %I IM I I I I I I I I I I I I I I

II I I II I I 1A%
I I I I

I I1.12

.08
I WI I I I I I I I I I

.2

0

-.2

-.4

.04

o“-
c kmAHoiL- hA.C.A. 4412 R.A!.-3,2@JOO

-4.; Size: 5-x30 - VeL[fi/sec. :68.6
iPres. (.ndafm):2LZ8 Dak:l 15-31

6 U!here fesfed:LMA.L. Tesf:KDZ 732

:-.3 I I I I
Akfoil: NA.CA. 4412 R.h!: 3,20QOO0

-12
z
E -.4 Dafe:12-15-31 Tesf: K D.Z 732, +6

s
Correciea’ ia in finiie ospeci roiio

-d .7 0 .2 .4 .6 .t3 LO L2 L4 [6 1.8

-8 H_bH Correcied for iunnd-wall effecf
I 1 I I I 1

‘8-404812162024 2832
An9(e of aifac~ e (degrees)

. ..- ---- . .. .. --— .. . ..- .
Lift coefficient C

. 41.Z E&roll. . .2mm t9.-NAO.A



CHARAOTERU3TICS OF AIRFOIL SECTIONS FROM T‘ESTS IN VARL4BIJJ-DDNSITY WIND TIJN2TBL 321

./2

.fl

.10

.09
~a
*.08
‘$
:5.07
k
&06

R 05
+
&.m
*
?.03
u

.02

.0/

o

3C-.1Q
K“:–.2

u
-i- -..3
$
E-.4
s

.4 :.2 0 .2 .4 .6 .8 LO L2 L4 L6 .L8

ImKki2
.44

2.0 .40

/.8 .36

1.6 .32
&

\ \’,
: 4: I II I /1 I I k “ \ .

J’z~ \ .

I I

.44.08

.2 .04

00

-.2

-.4m
-8 -4 048121620242832

Anqle of affack. u (degrees) Liff co”effici&. C.

~OUFtE 40.-NA.O.A.4415dlfOfl.

TIT~‘“‘- 1-‘‘‘‘
S/aUp‘r. L ‘w’fi

20
~~ 10

$[$s a~6 -2°11 ~ O
2.5 5.m -.2ss
;: CzZ y.. $?5 -Jo

10 9. I I –5.06 0204/

./2 48

.11 44

.10 40
\

.09 36$
& t
>-. 32 ~

I I I 1 I I I I i I I I I I I [ I I I I I I

I I I I I }11
Osommo

2.0 .4D

/.8 .36

1.6 .32
e

L4 .28%”
5.-

1.2Qj.24$
k

Loj”.20 ~

.@&/
Q

.6; .12

.4; .08

.2 .04

00

-.2

-.4

I I I I I I I I I I I I

I I I I I
I .44

,051 I I I I I I I I } I
I

.“L
I I I I 1“11 I

n! I ! ( I

IJ=T i I I I I I I I t

G
, , , , , !

I I I I I
\

-3*. -f2
5 Airfoil: ALKA. 4418 R. A!: 3,100,000
5_.4 Dofe: 8-27-31 Tesf: K D.Z 655. _,6

3
Correcfed io in fi~ife a.spec+ rofio

:4,20.2.4.6.81012 L4L6L13
1 ,

?-4048/2/6202428 32
Angle of aftack. C4 (degrees) Liff coef%d. C.

FIOUEE4L—NA.O.A. 4418F&M.



.. .

322

.g
-4’s

6
-8

RDPORT NATIONAL ADVISORY COMIWMIEE FOR AllRONAUTICS

o

.44

2.0 .40

/.8 .36

1.6 .32
G’

/.4 .28>-
@.-

1.2k~.24$
%

Lni- .20 ;
:;

.8% .IE ~
Q

.6: .12

.4.; .08

.2 .04

00

-.2

-.4

I -4 048 12 16 20 24 28 32
Angle of cdfack. w (degrees)

FIINJEE 42-N.A.O.A4421&Om

L iff coefficieti, CL



CEARAC?TTHUSTICS OF AIRFOIL SITCI’IONS FROM TESTS IN VARIkE-DENSITY WIND TUNNDL 323

.12 48

../1 44

.10 40

.09 36$

I I I I I I I I I I I I I

.44

.40

.36

./,5~
.Q

.12

.08
I

%
c -./ 1, Ill -

% —-4 b
A ~. ?

~--- 2 I@ -8 %
o
u 4

~3% -.

8

.4irfoiL A!AC.A. 4.509 R.lv:3. 120,LM0 ’12

-.4 Do/e: 4-15-31
‘-f: ‘D.% 569 -16

4
Correcfed fo in finiie aspect mfto

-.4 72 0 .2 .4 .6 .8 LO 12 L4 f6 18

.04 -

0

YFH
Airfoil: MA.C.A. 4509 R. M:3,120,W0 -
Size: 5PX30” Ve/.(7it/sec.): 69.1. _. 2
Pres.(sf hd.ofm]: 20.9 Dafe: 4-15-31
Where fesfed:L.MA.L. T~f: KD.%.%9

~ Correcfed for funnel-wall effect i ‘.4

-404 8 12 16 20 24 28 32
Angle of attack, a (degrees) L iff coefficimf, CL

. w airfoil.FIGUBE44.-NA.OA

.44

.40

.36

.12

.08

.04

0

Angle of offack, w (degrees) L iff coeff7citi C. .

FIGUEE 4h-N.A.O.A. 4M!2airfoil.



— -- -

.

REPORT NATIONAL ADVISORY COMM.ITTEE FOR AERONAUTICS

o

.20

1.8

1.6

/.4

l.z~

/.az
a

.8:

.6:

.4”<

.2

0

-.2

-.4

1-404 8 12 16 20 24 28 32

.

.44

.40

.36

.32
e

.28;
Q

.24$

..20 ;

.16~
“Q

.12

.08

o

./2 48

.11 44

.10 40
\

.09 36 g
& k
<.08
s

3Z.$
L

:$.07
k

28 t?

:.06 24 “~
L

$05 20]
+.
-&.o.# 16$
<
$03 /2g

‘ .02
,$

8L

#
.01

0 $00

J-. , -42

L:0-.2 -8 %
o ‘$u
.& -.3 -12

g_.4

*
-16

:4 72 0 .2 .4 .6 .8 LO 1.2 [4 L6 18
Angle of ‘dock, w (degrees) L if+ coefficid. G

FIGURE46-NJLOA. 4s16ahfoiL.

I
.9a UP?. L’w?.

& & -:25
.X 479-3.16
5.0 .s49-427
7.5 7.74-4s6
10 a 74-541
15 ra.?5-5B
.?01!27 -6.01
25 Il.= -5.91
.301237 –5S6
~ ~g -&9

~
~ Jo& +g

z 60 6.57–1.34
u 90 3.69-.71
k 95 201 -.44

100 (J9) (-;9)
: 100 -

s LE. Rod 3.56
slopeOfrudlhs

28$ 0 ~&*4*q”f

24 ?
~

~213E40

~ g
p 16~60

?
h 12{ 80
~

$ 8%100

~ 1

+mw

I 1

Il!l IJ I
u I

I
-1 I I

I I I

0204
I I I I I Ill

406080100

.44

2.0 .40

/.8 .36

1.6 .32

o’
/.4 .28~

&l

8HAi~oik NJ. CA. 4518 Rti.313Q~
SZze: 5-x30 - Vel [fi~sec.): 68.9
Pres. (sihdofn#21.O Dofe:4-16-31
Where fesfed:L.MA.L. Tesk%D.Z 572

~ Correcied for funnd-waif effecf

.44.08

.2 .04

00

-.2

-.4
I 1 1 1 I

-8-404 8 12 16 20 24 28 32
Angle of offock, a (dqrees)

FIGOKE47.—N...&CA. 4S18alrfofl.



CHARACTERISTICS OF ATRFO~ SECTIONS FROM TESTS IN VARIABLE-DENSITY WIND TUNNEL 325 .

-20
10
0

-lo

020406060100
Per cent ofcbod

1
30 i
4 H.97 -6.35 I

.44
501327 ’527
2011.86 -.4 /2 f
70 5’.85-3.(W 2.0 .40
@ Z2.S-M;~ . . . /’!
95 L8 .36
Ku ,
fm
LX.) L6 .32

u;
,

1 b’

, , I r ! , , t r ! I
, , ,, , , >,

wAirfoil: AM. CA.452/ RJ%L-3,1%000 ““
Size: 5“x30- k.l[ff.~ec): 69.0 _.2
Pre.s(iitho! 0fM):20.8 00k: 4-n-3/
Wh~ fesfed:L.MA.L. Ted: KO.T.573 .

rnCorrec+ed fir tunnel-wall effecf 1--41
-404 812/620242832



——— .-. —..’ .,

REPORT NATIONAL ADVISO’RY COMMITTEE FOR AERONAUTICS

Angle of affack. a (degrees)

, 7.4X :..04 /6 ~

.“&

.0/.12

.08

.04

0

.,

-. 2

R.M:3, 160,000
Tesf: KD.Z 735i!-”4~1; 1Correcfed fo in flnife aspecf mhb

-16

.2 .4 .6 .8 LO L2 [4 [6 {8
Lift coefficient, C.

FIGUREw.-N..LA.A. 47MahfoQ. .

.26

.m

.10

.r7

.12

.0s

.Q[ /
2.0

./2
48

.11
4

.10
40

a

.4 .09 c

.40 :’.(I7
.92 R’

c

I I I I 1 I 1,1 I I I I I I 1 ;-0{ c1
I

p g
t

i .08

.04

0

I 16 ~-

/2~I I

rl .! I *1 L
~ I-4%

Liff coefficient C.

FIGURE5L—NA.C.A. 6Z12airfoil.



CHAR4CITXUSTICS OF AIRFOIL SECI’IONS FROM TESTS IN VARIABLE-DENSITY WIND TUNNEL 327

T
L’w”r.,%#yj

.50 ~ 0

.96 020406060roo

M-H+ttH
1,63

1.79
2&5

yxJ .44
..-

2.0 .40.
~;
;)

f.8 .36

1.6 .32
d

/.4 .28>-
~

/.2~.24$

.,-
-OS>r 1111

?.40
CJ

.dbs

IdOf
Is

.-
/.0$ .20 g

.8~ .16 ~
c1

.6; .12
.-

iktiHh’4’08
\ \ .2 .04

I I I I I I I I I 00
Airfoil: A!A.CA. 6306 RAL-~@@Q
Size: 5=x30” V&l tz/kel

hPres. (.’bdcoh.):2O.6 ufe: v, I -01
Where ksfed:LM.4L T& l!RZ575 ~ .
Gorrecfed ibr iutmehvall effect ~-.+1
~ 48121820242832
‘ngk of otfack. u (degrees) L iff coeft7cien~ C.

Fmum 62-N&CA W drfoil.

44

40

-12

-f6

8

FIGIJBE E&-N.,kCA. fEfr2aIrfou.



——- ..-,.. —— ——. — ..

328 REPORT NATIONAL ADVISORY CO~E FOR AERONAUTICS

.12 48

.11 44

.10 40

.44 .09 367
t

.40 $.08 32$
L

.36 $.07 28 #
< .

.32 Q;. 24 ~

.28;- t.a5 20 i
.p +

8
1.24$ -~ .04 /~ ~

.Zog ?.03 /2$

b’
./6 ~ .02 8“?

I I I I I I I I I I I I

.06 1 , , , w ,
I It

I I I I IN Ill

I ,
I I I I I I I 1 I I I

,0/

o

-.I

&
.12

.08

.04 c1.:

. IT Comecfed fo infinite
1 !

‘8-4048 /2 16 20 24 28 32
Angle of attack, & [degrees) L;77coeffim.%t, C.

FIOUBESI-NA.OA. W drfoil.

.44

.40

.36

.28%

.24$

.20$
I I I I I I I I I I I I I

1/

.[2

.08

.04

0

I I ! I I 1

-8 -4 048 12 16 20 24 28 32
Angle of offock, w (degrees) Lift coefficied, C.

FIGURE NL-NA.C-A. .?3L5ah-roll.



OF AUU?OIL SECTIONS FROM TESTS IN VARIABLE-DENSITY WIND TUNNEL 329c13ARAcTElusTIcs

2.0% ___
80 7.C4 - “;93 1 f I
% 3.84 -.55
s z 10 -.36 Ill: /.8
m (.19) (-,9)
fnn - /1. . I 1 1

L.& Rod.: 3.S6
SOPe of rdius 1 I I I I l.~ “--
fi%?ugh●ndof I I I i I I I I
chord: 6/15 ATkHU.1 I

14

I I I I I I I I 1/1

N_ I I I .A I I I i I I I I
.- %

I I I I I I I I I I I l-t7-
.-

n

V I
Airfoil: MA.C.A. 6318 kA!:.3W0.@O “
Size: 5-x30 - VeL(fZ/.ec.): 693 -. ~
Pres.(sfhd.ohnj:21.O Dofe :4-ZO-31
Where +esfed: LJ%4..L. fist: KD.z579 .

~ Correcfed for funne/-wa//effecf ~‘.4I
-404 8121620242832

. Aqgle of attack, CY (degrees) Lift coefficient, CL

FIQUEE 53.-N.A.O.A 0318tiofl.

.12 48

.11 44

0
.10 40

>

.09 36$

& ~
#-In

.44

ii’

!203 I I I I I I I I I I I I I I) sL- 1 .

G

.12

.

.0[ 4:
0 0$

3
1 -./

G -43

~: -.2
*

$
-8, ~

T

% -.
53

-12

~ -.4

3
-16

-.4 :2 0 .2 .4 .6 .8 /.0 /.2 [4 16 L8

w! “, “ lIt\l I 1 Ir] 1 I I 1 , r I

A’!! !!!!!! I R:
I I I I ) I I 1

I
.-

1 Lf I I I I At *
..

.08.4 u

.2

n

.

.04

0
~ Ai-foil: Abl.C.A. 6321 R.A!:3.14QOO0 I -

EmP>es.(sfhd.aimj:2a8 .Dufe: ~-2E31 ‘. c
Where fmfed: L.MA.L. Tesf: KD.%530

1Correcfed for funnel-wall effecf ‘.4-8
I I ! I 1 1

-8-404 g 12 16 20 24 28 32
Angle of affack. m (degrees) Lift coefficient. CL

Fmvm b7.-NAO.A. ml drioll.



330 REPORT NATIONAL ADVISORY COMMXITEE FOR AERONAUTICS

ms up>. L“W’>.

..3;, $ il~

1% 1.45
25 216

%5 424
10 503 .28 0204

-8

J I I I I Ill
#orm Eo loo

51a.391 .97

.44

2.0 .40

M .36

1.6 .32
Q

1.4 .28;
@

/00,000 ‘-

‘EFfH
-,-------- .@+: 622 --2

% Pres. (kthd 0fn#2U7 .Dui~ 8 -3F3/
G Where &sied:LMA.L. T& V&.Z 658 _-4

Cbrrected b- funnel-wall eftkcf

.08

.lw

o

I I 1 I 1-- I

-8 -4 04812162024a32
Angle of &&.& (degrees)

Sfa Up’k L“wi.
o

L& G -.89
s 2ss -(.II
so 0 -L/8
<+ &## ~1.lg

15 7.78 -~
a &88
.?5 S55 .m
m fo.13 1.12
g M.& f..

T
m &78 L92
70 me L76

< m 5M L.M
so W5 .74

{ .95 157 .35
loo [m (.om)

1.

I&? -
LLJYOd: am

28~ O ‘sS=~71

2’ ? 20 I 1111.
Q

.—
- L“iff coe”%cient C.

~GUEE ES—NACA.W drfdl.

.1’ 48

.11 44

.10 40
Y

.44 .09 36$

~j t
2.0 .40 ~..m

.5

32!

/.8 .36 $.07
k

28$

/.6 .32 ;.LkS 24%

.4< -08

.01 j I I +.&m
I I I

00
u -’ I l-! I PI 1 1,.1 1. I ..1 I 1 I I

}--- 2 I I I I I II I
I I I I I I I I

+++//++ /2%

.*
8L

4:
0 0{

I -4$

-8%
4

.3 -/2

.4 -16

.4 :2 0 .2 .4 .6 .8 LO L2 1.4 .!6 LO
2ngle of ‘duck. a (degr=) - Lit? coeflciti c

FIGURE 5%.-NLC.A. w drfon

.



CHARACTERISTICS OF AIRFOIL SECTIONS FROM TESTS IN VARIABI.J+DENSITY WIND TUNNEL 331

-4”;

d
-8

-8

11111 I I I I I Ill I I I I I I I I I I I I I I I I I I I I I I 1

./d—H+H—t

./2 - I I 1 1 I I I I I
48

./1
O ● x T-f NO. 739
AVU - - 660 44

.44 .09
2

36 ~

&
o .40 ~.08 32 ~

s L

8 .36 ;$.07
k

28 #
.

6 .32 g.06
@ u

24.:
L

4 .281 ~.05 20;

.4<.08

--—
1111 1111 1111

I I I a

.04

.03

.02

.01

0
1 1 1 I I I PI 1 I I I I I I I I I I I o

.2 .04 & -4 %
b *~’’-””

t I o A , ,

0 $-.2
.m

o I~-zCwrecfed for tunnel-wall effect ‘.4

-4 048121620242832
Angle of &tick. w (degrees)

~GUSE m.—NA.OA. MU 81rfoIL

.44

2.0 .40

1.8 .36

1.6- R/,r/. ?H I I I I I I I 1>

1=
/.4 .28rn-... —-.-, -- 1 1 1 I I A I I I r 5>

nl I If I 1.2c+.24

G-
..6$.’2
.4Q.08

.Z .04

n f-l

M
A@oZ: IVA.CA. 6415 R h!:~ O@@30 ““

:z:.g&%:f.J:a?&2:8;~2 -2
Where fesfedL_MA.L. %sf: KO.% 661
Correcfed for f unnef-wall effecf -.41

t -4 048 12 16 20 Z4 28 32
Angle of attack, a (degrees)

~i fl coefiu&-c= - --- --- ---

$-.4 I Dofe:9- 3-31
‘eSt: ‘D.~ 66’ -16

2 1 1 Correcfed to in finife aspect rq%o

74 .7Z o .2 .4 .6 .8 LO L2 L4 L6 .@
L iff coet%cieti CL

FIGUEE6L—N.LOA, , e415afrfon.



—— _. .

332 REPOELT NATIONAL ADVISORY COMW’ITEE FOR ,U3RONAUTICS

48

44

40
.. ---- .-

IM5 R02 -4.?6
91332-407
5 M.17 37s

I w
I I I I VI I r 1.4 . 28~”

*

{ – – – + L.2b~.24$

ii
I.a$-.20 ~

.8$ -[6 ~
2Q

.6; .12
..

.4< .08

.2 .04

00

-.2

-.4

0 4:
r

.$ 1111111L.Q
G

11111111 I

+
-4 .

b----”

i
Q Pres.(sthd.ofn#2Q8 . &fe: 9-4-31
6 Where fesfed:LMU. J&: KO.%65Z

-2

-16

9
-8 ~ Correcfed for funnel-wall effecf

I I I I 1 ,

-8-404 8121620242632
Angleof afftick w [deg-es) Lift coefficient, CL

FIGURE.T-N.A.OA.e.mdrfon.

48

44

40

.44

.40

.36

.32
Q’

.12

.08

.04

0

~-’Correcied & i;nn-d-wall effecf ‘-4

-404 81216 ZOZ428 .32
Angle of affack. ci (degrees)

-12

-16

9
-8-

Lift we fficient CL

FIQIJBE1$3.-N.LLO.A.6421drfdl.



CHAILACT’EIUSTICS OF AIRFOIL SECTIONS FROM TESTS IN VARIABLJI-DENSITY WIND TUNNEL 333

.

““~

.44

0 .40 <-i-k?
$

8 .36 “G.07
:

./2

.10

.09
~$

48

44

40

28$

:?

51-.1 !!!! !!1/!!!!!!1 1.6 .32FQ jj .0S , , ,, , 1 1 I I I I 1 1 I I \r I I

! H!!l
24-

Y-,-/---, , “-, --

0 &=%?6~5
of I I I I I IY I I I I I I

~ Ai-foil:iiAC.A. 6506 RAl:3. 17L2000 ~.$”
-4 @ f#H

Size: ~x30”

I

vd[ff./s&.):6L?5
Pres. (iithdafmJ21.1 Da fe:4-23 -31

6
-8

Wheretesfed:LMA.L. T& ZR%586
Correc+ed fm funnel-wall effedI I , , , 1

-8 -4 048121620242832

.4+ .08

.2 .04

00

-.2

-.4

.01 [ I I I I NI 1. I I I I*

/2$ .

8“:

-1>
~ ‘-~ AidokA!A.b. 650S R.N:~ 170,cW0~ .-
&\ ~m Dofe: 4-.23-31 ‘-+: ‘D. %586 -16C’orrecfed +0 in fintie asped rafIO

+:20 .2.4 .6.81012 I.416M
Angk of atfack, a (degrees) .Liff coefi&kn~7C.

FIGURE 6&-N. A.C-A. W@ ah’fom



334 REPORT NATIONAL AD.VISORY COMNXCTE E FOR AERONAUTICS

G
-8

-8-404 8/2/620242832
4ngleof &a&. a (degrees)

.44

.40

.36

.32
C3

.12

.08

.04

0

.12 48

.ir 44

. [0 40

.09 36$
&
~.oo 32 g

$0, 28 S
%
; .06 24.$

F. 05 Zo
i

+
&.04 16 ~

*
%-
:.03 /2$
Q

.02
.C

8;

.0/
Q

4*

0
8

ok
0

$-.1 -4 ‘h

5--.”2 -8 %
o 4
:-.3 -12
:
$-.4 -16

:4 72 0 .2 .4 .6 .8 LO 1.2 L4 L6 1.8
LI-I’7Coefficied, c.

FIGUREM.-NAOA. M12tiOu

.10 ! 40

.44 .09 T~- - - 36 ~
i

, , , , , , -.
I I I I I I I I 1;1 I ~

24 c 7f)l I I I I 1 I t I 1 / I I I 1 A I I t I II I 2-4 ?42 A ml , 1 I I , , , , , , , a , , i I;, [/6~

.2 .04

00

-.2

-8 Ii iif Correcied for iumebwall effecf ‘-4

-8-404 8121620242832
Ang[e of offack, a (dqrees) L iff coeft%im+, CA

F-lam 6-7.-N.A.C.A. au drfdl.
.



CHARACTERISTICS OF AIRFOIL SECTIONS FROM TESTS IN VtiU3-DENSITY WRTD TUNNEL 335

-: -.-L .“-

Q

.6; .12 .01

.4:.08 0
x

o

M
Aikfoil: N... CA. 6518 R.N:3, IOQOOO “

;F~.~S”&:2$’F$Fd2?~3~’ -2
Where fesfeo:LAZA.L. T&:%LLT. 582
Correcfed for funnel-wall effect -.4-8

I 1 1 I 1 I

-8 -4 048121620242832
Angle of aftock, m (dsgrees)

Frown ~—NA.CA MM ahfoll.

$ I 1 1 1 1 I 1 , , I I , , , , , , I

. If 1 1.4 .282
I I I I lx I I,

A
5

/.2~.24.$/1
ii

/.0%.20 ~
:Q

.8$ ./6 ~
a

.62 .12
..

.44

.2

0

-.z

-.4

.08

.04

I-I

I

$-.2 , . , 1 1
I I-8 ‘$—

I I

I “

G Ill
A

* —.3 , , , I t 1 1 i 1 1 1 1 1 1 !

$-.4 _
&rfoik N,4CA. 652[ RN: 308QOO0 ’12
Dote: 4-21-31

‘p-q+: ‘D-z -%8] -16

11 Pres.(sthdafmJ:2L16 bo)c 422/-3/
Where fe.sfedL.A4A.L. T& KLl% 581

I “Cbrrected fbr h.mnei%oll effecf

-8-4D4 81216 Z0242832

r
1111 Correct;d A infinite .&&j %-~o ‘-.

3 I I
.4 .2 0 .2 .4 .6 .8 10 .12 L4 16 M

Angk of dock, a (degrees) Li% coeft7cient,-C. “- “-” ““- “--

. @mlail-roil.FIGURE 69.-N.ACLA



— —-—

336- REPORT NAtiONAIL

I 1 I I I Ill
W6063100

Per cent of chord I

!$’”W-I-H+H

ADVISORY Cordamrmm FOR AERONAUTICS

40

80

--’+EEB
~ ~ 1~ Atifoi/:A!A.C.A. 66/2 fi.h&@5L1000

dofr@2L$%$%?%$
=: 5-x30 -

id LMA.L. T& ED.% 741
d fir tunne.%all eflecf

.5

EifH
..

-4 q SLze.
Pres (.h

ti WA.- ~

I 1 I 1 1

-8-404 8121620242832
Angle of otfack, ct (degrees)

.4+ .08

.2 .W

00

-.2

-.4

./2

.11

.10

.09
~a
%-.m
c

%,07
&
al
gas

$’%-

&.D4
~.

:.03
K

.02

.01

0

%r-fG

<2~-.

%-.3

!
-.4

T20 .2.4.

Fmom 7U.-N.LOA 6EWEMoIL

&- 2.3 -b-o! ;f Ow
2s 3.28 -i
Cio 4s0 -i
7s 561 ‘i
10 t743 -:

g ,:g :;%

40 10.70 - .:$
so Ku?o
60 iQ44 1.31
70 967 234
m aoz 2.73
90 4&9 1.08
95 271 !.02

;:$ [. l.?) (-gz)
- B

-8-4048 12 /6 ,?0 24 28 32

LhY coef77ci&. C

Angle of attack. a (degrees) L iff coefflcisn~ CL

FIoum 7L-NAC.A. 6712dfoIL



CHAR4CTlEIlUSTICS OF AIRFO?lJ SECEC’IONS FROM TESTS ~ VARL4BLE-DE)NSITY WIND TUNNEL 337

48

44

40

7n

/.8

1.6

L4

i. ok
:G

0$

.44

40

HH+wA+H’””
36

I I I I I I 1/I I I I I I
r

.02]-++++
I # , I , r 1

%$&8.12

.4Q

2

0

-.2

-.4

-4 048121620242832
Angle of affack, & (degrees)

08

04

o y-z I I I I I I I I I , , I 1 1 1 I I 1 I I I

Q

I-8 ~

:-.3 I I I I I 1 I 1 1 I I 1 I 1 I I I
Arfoih A!A.CA. 0005’T

-12
R.N: 3, 18D,LxW5

$-4 Dafe:4- 8-31 Test K D.% 554 -,6

a
Correcfed fo in finif&aspecf miio

-4 72 0 .2 .4 .6 .8 LO 12 L4 .&S L8
L iff coefficient, C.



-...—. ---- .. . . . . .

338 REPOBT NATIONAL ADVISORY COMMTIT’EE FO13 AERONAUTICS

I 1 ! 1 I‘- 4 04 8 12 16 20 24 28 32

.12

.11

./0

44 .0!5
&

.40 <.o~
$

.36 .? .07
k

.32 ; .06
e“

-28$ f-es

1.24~ ~ .04

.20g ko3
b’

.16 ~ .02
a

.12 .0/

_ Airfoil: k4C.A. OO12T t7X:3,f2@O0
_ Date: 4-3-31 Test: ED. Z 548

llrrected fo in finlfe ospect rafio

o .2 .4 .6 .8 LO 1.2 1.4 16 1
Angle of atfack. & (degrees) L iff coefficient, C.

Fmurm 74—IUA.Z.A. 13312TMoD.

.44

0 .40

8 .36

6 .32
G’

4 .28;-
OJ..

2b4.z4f

Oj-.20;
<9

8; .16f
OQ

6U .12Q
-.

4<.08

2 .04

00

2

4

4e

44

40

+2

-16

?

d+H——H+

.0/ -f I I I 1.1
, , ,

I l,, i 11 I 1. ‘i
I

g
o I I 1 0%

, , , ,
I I I I I I I I I

H &>ecfed +0 rIfinif e asDecf rafb --

1

z I I I
-.4 :2 0 .2 .4 .6 .8 LO ‘L2 1.4 L6 /.8

-16

hgle of affack u (degrees) Lift coefficient+. C&

FIOUEE 7h—N.LCA. @W2Bafrfoll-



CHARACTERISTICS OF AIRFOIL SIWI’IONS FROM TESTS IN VARIABLE-DEh’SITY WIND “ TUNNEL 339

o

2.0

/.8

1.6

/.4

/.2~

/.0$
<

.8>

.68
~

.44

.2

0

-.2

-.4
I I 1 , ,

)-404 8 12 16 20 24 28 32

.44

.40

.36

32
e

.12

.08

.04

0

12 48

II 44

.10 40

.09 36$
~a
~.08
5

32&

“6.07
$

Z8 $
Ii

,)
I I I I I I I I 1 I I I

Angle of offock. e (degrees) Lift coefficient C.

FIOIJEE iO.-N.A.C.A.W18Talrfotl.

.44

0 .40

8 .36’

6 .32

4 .28 “
:

2U4.2.A
b

Oj-.m g

8; ./6 ~
a

6; .12

42.08

2 .04

00

2

4.

‘-404812162024 2832
Angk of diack. a’ (degrees) L ifl “coeflci&, ~z

FIGURE77.-N. A.O.A. mlSB alrfoll..-

.



340 REPORT NATIONAL ADVISORY COMMI’lTE E FOR AERONAUTICS

./2 I I I II I I’ll I I I
11 48,

.11 r

.44

2.0 .40

L8 .36

1.6 .32
e

I 1 A I I I
bord: 0.131 I I I I I I M, , w

! p !y !
-I-41 IN-I

>1 I I .4<.08’

I I Ml I I I
.2 .04

<
-r ! Il!ll I I I

~ Akfoil:NJ.CA. .2%12 fML32S0,000 00
ym: <z

(M 764 _.4
.=.4

Y r S&e: 9x30” WsL@..s&.
Pr~(3thdoi@20.6 Ode:>
Where fesfed:LJiA.L. T&: KL
Correc+ed fir hmnebwall et,-, 1

-4 04 8 !2 16 EW .24 2832”
Angk of dock, a (degrees) L ifi coefic;eti, C.

~G~ 7R-NA.C.A. 2R112akfoil, 4

4UOUWJUU

Ce-lfofcklrd .10

, ~la.. :% 1111111111111 I I I I I I
-“ -c. —..-., .44 .09 1.

i
136X

0

2.0

I I I I I I I I I I I I I I I I I 1.1, I I r
.08

:
Illllil II II 32 ~

II I I I il II

I I I I I I I II I I
Ifl I f.6 .32 :.06~

.$ -a
20 H-H-HAM c I 1 11 RI I I

-J-l-P lx I /=’.7:24: .i.wH+H++HH:-
/.0.$

c1,-

40 I 1 l&/Hl/ I

~60

80

100 $EE#
.8~.f6~ .Oz

Q
.62.12 .0/

.4.G .08 0

.2

0

-.2

-.4
~

Airfoil: h! A.CA. 217Z12 R.M31.3Q~

Correcfed for fuksl-well e ffeci

‘8-404612162024 .?832
Angle of dock. a (degrees)

Pmum i!3.-N.A.CA. 2R112alrfolL



.
-, <”-9
---

/-’.

,,’ , –“ ‘ .QJ--z
CHARAC71TXUSTICS OF JURFOIL SEMHIONS I%OM &Wf5 IN VARUBLE-DEINSJTY WIND TUNNEL 341

28

24

,20

; 16

12

8

4

0

-4

-8

-8 -4 048121620242832
Angle of m’fo~, IX (degreee) Lift coefficieti CL

~ODEE SI.-N.A.OA. 13M2Feand C)12171fdrfolk

PRECISION

A general discussion of the errors and corrections
involved in airfoil testing in the variablcwhnsity tunnel
is included in reference 8. b connection with this
report, it was hoped that a more specific discussion of
the %ious sources of error and sepmate estimates of
the various errors might be givan. However, after a
careful study of all the measuremcmts it became
apparent that practically all the ezroramaybe regarded
as accidental; that is, of the type the maguitude of
which may best be drnated horn the dispersion of the
rcmdts of independent repeat measurements. The
major portion of these errors is caused by insti”cient
sensitivity of the balance and manometers, by the
personal error involved in reading mesm values of
slightly fluctuating quantities, and by the error due to
slight surface imperfections in the model. The last is
perhaps the most serious source of error. The models
were carefully tihed before each ~t, but the prw-
ence of particles of hard foreign matter in the air stream
tended to cause a slight pitting of the leading edge of
the model during each test. This pitting was probably
the major source of error in connection with the earlier
tests, but it was reduced for the later tests when the
necessity of a more careful inspection of each model
was appreciated. After a considerable period of
miming the particles in the tunnel w-we found to be-
come lodged, permitting this source of error to be

largely eliminated during the later tests. I?or this
rep~ort,however, the effect of the error from this source
has been minimized by repeating the tests of many of.
the airfoils, including dl of the symmetrical series
originally reported in reference 2.

The magnitude of all such accidental errors was
judged from” the rcdts of repeat tests of many
airfoils, and from the results of approximately 25
tes@ of one airfoil that were made periodically through-
out the. investigation to cheek the consistency of the
measur~ents. The accidental errors in the results
prevmtod in this repQrt are believed to be within the
limits indicated in the following table:

a“ * 0.15”

c~
{

0.01
– 0.03

c m44 * 0.003

b addition to the consideration of the accidatal
errors, all “me.wmrementswere carefully analyzed to
cotider possible sources of errors of the type that
would not be apparent from the dispersion of the
red% of repeat trots. A rather large (approximately
1.5 percent) error of this @pe is present in all the air-
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velocity measurements resulting from a reduction in
the apparent might of the manometer liquid whm the
demsity of the air in the tunnel is raised to that cor-
responding to a pressure of 20 atiosphem. The
effects of this errcr, however, me reduced by the pres-
ence of anothw error in the air-velocity measurements
due to the blocking tiects of the model in the tmmel.
The measured ccefiicients, obtained by dividing the
measured forcm by j&~T2,as well as the derived coef-
ficients are, of course, aflected by errors in the air-
velocity measurement. Aside @m this source of
error, it is believed that only two other sources need
be considered: first, the dektion of the model and
supports under the air load; and second, the inter-
ference of the airfoil supports on the airfoil. The
angle of attack and the mommt ccefiicient are fiected
by the deflection of the airfoil and supports. The
error in angle of attack, which is proportional to
Orncp,was found to be approximately —0.10 for an

F1OCUE SL—V8rlatfenoflift-curvedOIMwithUrfckness.

airfoil having a moment coeffickt of – 0.075. The
error from this source in the momeut codlicicmt is
inappreciable at zero lift, but at a lift cce.fhieut of 1
may amount to – 0.001. The errors resulting from
the support interference me more di.fhcultto evaluate,
but tests of airfoilswith different support mrangements
lead to the belief that they are within the limits indi-
cated in the folIowing table

a + 0.05°

C’m {
0.00

– 0.02
c %/4

‘+0.001

Cq(CL=OJ { ;:;;;;

Cq(c.=1) + 0.0010

The tunnel-wall and induced-drag corrections ap-
plied to obtain the airfoil section charactwistics might
also be treated as sources of systematic errors. Such

. errors need not bc considered, however, if the section
characteristics me defied as the measud charricter-
istics with certain calculated corrections applied.
Errors in the tunnel-wall corrections, however, should
be considered when the results from di.fkrent wind
tunnels arc compared. For consideration of these
errors, the reader is referred to referencm 9 and 10.

For the purpose of comparing the results from differ-
ent wind tunnels and of applying these results to air-
planes in @ht, it is also necessary to consider the
effects of air-stremn turbulence. In air stremnslmving
different degrees of turbulence, the value of the
Reynolds Number cannot be considered as a suf%cient
measure of the effective dynamic scale of the flow.
The airfoil characteristics presented in this report were
obtained at n value of the Reynolds Number of approx-
imately 3,000,000, which corresponds roughly to the
Reynolds Number attained in flight by a medium-
sized airplane flying nw” its stalling speed. Consid-
eration of the effects of the turbulence present in the
variable-densi@ tunnel (seereferences 11 and 12) lends,
however, to the belief that these results me more
nearly directly applicable to the characteristics that
would be obtained in flight at larger values of the
Reynolds Number.
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DISCUSSION

The rcsnlts of this investigation are here discussed
and analyzed to indicate the variation of the aero-
dynamic characteristics with variations in thickness
and in mean-line form. For the analysis of the effect
of thiclmess, test data from consecutive tests of airfoils
having different thicknesses and the same mean-line
form are used. The analysis of the collectof the merm-
line form is made with respect to consecutive tests of
airfoils of the same thiclmess (12 percent of the chord)
and related mean-line foti. The results are com-
pared, where possible, with the results predicted by
thin-airfoil theory, a summary of which is presented
in the rtppendix.

LIFT

Lift cnrve.-In the usual working range of an air-
foil section the lift coefficient may be expressed as a
linear function of the angle of attack

c.=% (ao-a~

where % is the slope of the lift curve for the wing of
iniinite aspect ratio and a~, is the angle of attack at
zero lift.
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The varhtion of the lift-curve slope with thickness
is shown in figure 81. The points on the figure rep-
resent the deduced slopes as meaaured in the angular
range of low protie drag. These results CO*
previous results (reference 1) in that thy show the
lift-curve slope to decrease with increasing thiclmess.
The camber has very little effect on the slope, as
indicated in figure 82, although a rearwsxd movement
of. the position of the cmnber tends to decrease the
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Pamantttdcb ofrfolk Curves indkato Konemdtrends for the dffkont tbfck-
nesses.

given mean line without altering the camber position.
The theory also predicts an in~reased negdi~e angle
as the position of the camber moves back along the
chord. The experimental valum are compared with
the theoretical values in figures 83 and 84. The ex-

FmuEBM–l-ariatfon of angleof remIfft wfth tM&ness
camberdesfgnntfon.

Numbm refer to mean.

Maxmwn thkkness M percent of chord

Fmwmr .W—VarfutfonofrnarfmnmIfft wfth thfcknem.

slope slightly. Table II gives the numerical values of
the slope in convenient form for noting the general
trends with respect to variations in thickness and in
camber. It will be noted that all values of the slope
lie below the approximate theoretical value for thin
wings, 27rper rdian; the measured values lie between
95 and 81 percent, approximately, of the theoretical.

The angle of zero lift is best analyzed by means of a
comparison with that predicted by the theory. Thin-
airfoil theory statas that the angle of zero lift is pro-
portional to the camber if the camber is varied, as
with these related airfoils, by scaling the ordinates of a

perimental values lie between 100 and 75 percent,
approximately, of the theoretical values, the depar-
ture becoming greatm with a rearward movement of
the position of the camber and with increased thickness
(above 9 to 12 percent of the chord). Numerical
values of the angle of zero lift are given in table III.

Maximum lift,-The variation of the maximum lift
coefficient with thickness is shown in &me 85. It
will be noted that the highest values are obtained with
moderately thick sections (9 to 12 percent of the ohord
thick, except for the symmetrical sections for which
the highest values are obtained with somewhat thicker
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sections). The variation with camber, shown in
figure 86, coniirms the expected increase in maximum
lift with camber. The gain is small, however, for the
normal positions of the camber, but becomes larger
as the camber moves either rearward or forward. It
will be seen by refertice to @e 85 that the camber
becomes less effective as the thiclmess is increased.
This reduced effectiveness of the camber is in agree-
ment with a conclusion reached in reference 13 that
for airfoils having n thiclmwa ratio of approximately
20 percent of the chord, camber is of questionable
value. Numerical values of the maximum lift co-
efficient are given in table IV.

ti-flow discontinuities.-Theae and other wind-
tunnel tests indicate that at the attitude of maximum

22
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lift the air forces on certain airfoils exhibit sudden
changes which in many instances result in a serious
loss of lift. The probable cause of “theseair-flow dis-
continuities is discussed briefly in reference 13. The
stability or instability of the air flow at maximum
lift may be judged by the charactm of the lift-curve
peaka indicated for the various airfoils. The curves
are classified into three general types as noted in
table IV, but the degree of stability is ditlicult to
judge. It maybe generally concluded that improved
stability may be obtained by (1) having a small
leadingdge radius, which causes an early break-
down of the flow with a consequent low value of the
maximum lift, (2) increasing the thiclmes (beyond the
normal thickness ratios), or (3) increasing the cam-

ber (for airfoils having normal camber positions;
i.e., 0.3c to 0.5c).

MOMENT

Thin-airfoil theory separates the air forces acting on
say airfoil into *O parts: First, the forces that pro-
duce a couple but no lift (they are dependent only on
the shape of the mean line); second, the forces that
produce the lift only, the requh%mtof which acta at

“-~ ~sificn h fracficm of&d
[Xb.sc&sw of maxhnm .ean-rbe ordiite)

~GUU sl’.-varfetfonof momont et Zmolfft Wfth camber. Pofnte nhown are for
E pment thfck nhfoffe. Cnrves fndfcate gonfaaf trends for the dklerent thfek
ness&

Moximum thickness in percent of chord

FIGURE&k-VerMfen of momentat mm ffft wftb tldoknossNumboreroIeI to
mmwmmber deefgmtfon.

a fixed point. We then have in the working range an
expression for the total moment taken about any
point

C.= Ow-l-nC=

where C~ is the moment coeffici~t at zero lift ~d
nf?L is the additional moment due to lift.

& with the angle of zero lift, the theory states that
the moment at zero lift is proportional to the camber
and predicts an increase in the magnitude of the
moment as the camber moves back along the chord.
Figures 87 and 88 show the values of the moment
cxmflicient as affected by variations of wunber and
thiclmesa compared with the theoretical valuea. Re-
ferring to @me 87, the plotted data indicate that the
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moment coefficients are nearly proportional to the
c~mber. It will also be noted that the curves repre-
senting the ratios of the experimental coefficients to
the camber are nearly parallel to tl.mequivalent curve
representing the theoretical ratios except that the
curves tend to diverge for positions of the oamber
well back. Figure 88 shows that the experimental
values lie between 87 and 64 percent, approximately,
of the theoretical. Numerical values of the moment
coefficient at zero lift are given in table V.
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If the resultant of the lift fore= acted mactly
through the quarter-ohord point; as predicted by the
theory of thin airfoils, there would be no additional
moment due to the lift when the moments we taken
about this point. The curves of Cml, ag~t CL,
however, show a slope in the working rtmge which
indicates that the axis of constant moment is displaced
somewhat from the quarter-ohord point. The factor n
represent the amount of this displacement as obtained

~ from the deduced slopes of the mommt curva in the
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Meo~ cm 7bey
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.02

Symmetricalairfoil 4%

o .2 .4 .6 .8. 1.0
Camber position in fmctbn of chord

(Abscissa of mdmum mean-line ordnate)

FIQtmEW—VerkIfion of @tfon of constant moment titb mrnk. Vfdnm of n
for eqnetion CLd,= GO-W% ReSolt9for 12-ttMok8frfofh

normal worldng range. The variation of this dis-
placement with thickness and with camber is shown in
figures 89 and 90. Table WC giv~ the numericrd
vah.m. Beyond the stall all the airfoils show a sharp
increase in the magnitude of the pitching moment.
The suddenness of this increase follows the d~ee of
stabili~ at the stall as indicated by the type of the
lift-curve peak.

DEA12

The total drag of an airfoil is considered as made up
of the induced drag and the profile drag. Considering

4070s-9-2s

the profile drag w the minimum value plus an addi-
tional drag dependent upon the attitude of the airfoil,
we have in coeilicieut form

The induced-drag coeflioient CDi, which is computed
by means of the formula given in reference 8, is con-
sidered to be indepmdent of the airfoil seetion. The
variation of the profile-drag coeiliciant with the shape
variabl= of the airfoil section is analyzed with respect

FImJEE9L—VuMfon ofmfrdmmuPIoffledrw withWoknessf!mthesymmekfall
afrfona

to the variations of the two components of the prcdile
drag.

Minimnm proffle drag.-The variation of the mini-
mum profile-drag ccefkient with thiolmess for the
symmetrical sections is shown in figure 91. The cam-
bered seetions show the same general variation with
thiokr.wabut, to avoid confusion, the results are not
plotted. The variation of the minimum profile-drag
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coeilkient with the profile thiclumw may be expr-ed
by the empirical relation

CD@rin =k+0.0056+0.01t+ O.lP

where t is the thickness ratio and k (which is approxi-
mately cxmstmt for sections having the same mean
line) repremnts the increase in Ommin above that
computed for the syrcmetioal section of corresponding
thiclmess. The variation of C~@tmwith camber is
indicated by the variation of k & shown in figure 92.

.
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The effect of camber is small =cept for the highly
cambered motions having the maximum camber wdl
ba&. Numerical values of C.pfi aregiven in tablel’11

Additional profile drag.-The additional profile
drag, which is dependent upon the attitude of the air-
foil, has previously been expressed as a function of the
lift (reference 4) by the equation

AC%= CDO–C~.ti = 0.0062(CS– C.O=,)’

where CLOp~may be called the optimum lift coeilicient;
that is, the lift coefficient corresponding to the mini-
mum proiiledrag coefficient. This equation holds

This function is reprweuted in figure 93 as the curve
determined from the rmults for the symmetrical air-
foils and for the airfoils having a camber of 2 percent
of the chord. As the oamber is increased, the dia-
peraion of the plotted points from the curve becomes
greater. In genend the points above the curve corre-
spond to thick seotionaand sections in which the maxi-
mum camber is wdl back. The departure from the
curve becomes greater +ith increased thickness and
with a rearward movement of the maximum-camber
position. The points well below the curve correspond
to the thin airfoils.
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reasonably well for the normally shaped airfoils at
values of the lift coefficient below unity.

A convenient praotical method of allowing for the
incrensed valu= of CDOat moderately high values of
the lift coefficient is to include the additional profile
drag with the induced drag, as suggested in reference
2. For the symmetrical airfoils of moderate thiclnies
the term to be added to the induced-drag coefficient
was given as 0.0062 CL=. The relative importance of
this term may be better appreciated by considering
that it represents 11.7 percent of the induced drag of
an elliptical airfoil of aspect ratio 6. The same
method may also be applied to other airfoils if the
value of the optimum lift k not too large.

Andrewa (reference 14), using the part of these data
published in refenmces 2, 4, and 5, suggats for the
additional profile drag the form

(c
CL– C.o,,

ACw=f
)LUILU—OLOPt

Because the additional profile drag is not a simple
function of the lift, and also beoause the results as
prwnted in figure 93 are di%icdt to follow, generrdized
curves for the relation.

A(?~=f (OL– CLOz,)-

are given in iigure 94. These curves are given to
represent more acouratdy the additional profile drag
for the normally shaped seotions.

optimum lift.-The optimum lift, as defined above,
is the value of the lift corresponding to the minimum
profile drag. & the determination of this value of the
lift is lmgely dependent upon the fairing of the profile-
drag curves, special curves were faired for this purpose
on enlarged-wale plots corresponding to certain related
airfoils grouped together. The values of the optimum
lift coefficients obtained in this manner are given in
table VIU. It maybe noted by reference to this table
that the optimum lift coefficient increaaeawith oamber

.
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and for the highly cambered sections a deiiniti increase
accompanies n forward movement of the camber.
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it is not primarily dependant upon the shape of the
mean line. Neverthelew it is interesting to compare
the optimum lift coefficients with the values included
in table VIJl representing the theoretical lift coefE-
cients at the “ideal” angle of attack for the mean
line; i.e., the angle of attack for which the thin-airfoil
theory gives a finite velocity at the nose. (See the
appendix.)

GENERAL EFTfCIENCY

The general efficiency of an airfoil cannot be ex-
pressed by meana of a single number. The ratio of
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the maximum lift te the minimum profile drag is, how-
ever, of some value as the memmreof the efficiency of
an airfoil section. The variation of this ratio with
thiclmws is ahown in figure 95. The curves of this
&n-e indicate that the highest values of the ratio are’
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-l~ 80

40 .

04 8 12 1620 4 8 12 /6 20 4 8 /2 16 20 24
Maximm thickness h per ced of chwd

FIQUEE 9&-VarMfon ofCLJCDO.i. wfththfokness.

More important than these variations, however, is the given by the sections between 9 and 12 ~ercent of the.
variation with thickness. The rapid decrease in the chord thick. The variation with camber, shown in
optimum lift with increased thiclmess indicatm that figure 96, is lessimportant. An increase in the camber,
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above 2 percent of the chord and a rearward move-
ment of the camber (for the highly cambered sections)
tend to decrease the value of C&JCDO=t.. The
numerical values of the ratio are given in table IX

sUPPLEMENTARY AmPoIL9

For the purpose of investigating briefly the effects
of certain shape variablea other than those discussed
in the main body of the report, 10 supplementary air-
foils were tested. The airfoil sections were as follows:
6 symmetrical sections with modified nose shapes, 2
sections with reflexed mean lines, and 2 sections simu-
lating those of a wing having a flexible trailing edge.

1.4

1.2

{.0

. .8

I I 1

0 I

t I I 1 I 1 I 1 I I I 1 I

2 3 4 56 7
LemfAhg-ec@ rwfu.s m percent of chwd

Fmm 57.-Variatfon of mdnmrn Igt* naseradhs.

Airfoils with modified nose shapes,—The airfoils of
the first supplementary group investigated were de-
veloped from three of the symmetrical N.A.CA. family
airfoils: The NA.C.A. 0006, the N.A.CA. 0012, and
the N.A.CA. 0018. For each of these basic (or nor-
mal) sections one thinner-nosed section, denoted by
the suflh T, and one blunter-nosed section, denoted
by the snilix B, were developed and tested. The
derivation of each modified section was similar to that
of the normal section and was accomplished by a sys-
tematic change in the equation that defines the normal
section. This change is principally a change in the
nose qadius, but it also results in modifications t.a the
proiile throughout its length, except at the maximum
ordinate and at the trailing edge. The nose radii of the
sections in percent of the chord are as follows:

CO~ FOR AERONAUTICS

The aerodynamic characteristics of the mowed
sections are given in figures 72 to 77. These may be
compared with the characteristics of the normal sec-
tions given in figures 4, 6, and 8. The maximum lift
coeflicieuts of the modified and the normal sections
are plotted against the leading-edge radii in figure ~7.
It is interwting to note that the ledi.ng-edge radius is
very critical in its eilect on the ma~um lift when
the radius is small. This critical eilect is also indicated
by the rapid increase in the maximum lift with increas-
ing thiclmes for the thin motions as shown in figure 86,

Airfoils with reflexed mean lines.-Previous inves-
tigation have shown that the pitching moment of
cambired airfoils can be reduced by altering the form
of the mean line toward the tmiling edge, with a con-
sequent loss of maximum lift but only a small reduction
in drag. h order to compare the characteristics of
seetions of this type with those of the related sections
of normal form, two airfoiIs were developed with the
basic thiclmess distribution of the N.A.C.A, 0012 dis-
posed about certain mean lima of the form given in
reference 15

%=h(l-z) (1–M)

The valu~ of h in this equation were chosen to give a
camber of 0.02 and the values of A were chosen to give
the airfoil dwignated the N.A.C.A. 2R112 a small
negative moment and the airfoil dwignated the
N.A.C.A. 2RZ12 a small positive momant, Char~c-
teristic curves for the two airfoils are given in figures
78 and 79. The principal characteristh of the sec-
tions may be conveniently compared with those of the
related s.vmmetiricalsection, the N.A.C.A, 0012, and
a related-normal section ha&ng a camber of 2 percent
of the chord, the N.A.C.A. 2412, by means of the
following table arranged in the order of increasing
pitch&moment coefficients.

WH4 ‘uLmu
Seotfon CL_ CD@ W* c~

fpg L47 aow In 0.024
184 -. ml

Zp& W :% m -. am
L02 .W 190 -. 0i4

These results indicate that airfoils having refle..ed
mean lines may be of qudonable value because of the
advtn-seeflect of this mean-line shape on the maximum
lift Coefficient.

.
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Thickness and camber modifloations near the
trailing edge,—Two airfoils were developed to simu-
late an airfoil having a flexible trailing edge in a st@ht
and in a given deflected position. The thiolm= dis-
tribution is composed of three parts: the forward por-
tion (O to 0.3c) having the same distribution as the
N.A,C,A. 0012, the rear portion (from 0.7c to the
trailing edge) having a thin,”uniform value, and the
central portion joining these two with fair curves.
As shown in figure 80, the two airfoils diiler only in
tho rear portion, the section d@nated N.A.C.A.
00121?0simulating that of a wing having the trailing
edge deformed for the high-speed condition, and the
section designated N.A.C.A. 0012Fl simulating that
of the same wing with the tmiling edge bent down in a
titular arc. Curves of the aerodynamic charactmis-
ti~ for both conditions are compared in figure 80.
Considering the results given by both airfoils as two
conditions for one airfoil, a very high maximuni lift
with a rwsonably low minimum drag is obtained.

c-
On this assumption the ratio= is 197, slightiy

higher than the value of this ratio given by the
N.A.C.A. 2412.

In order to study the effects of an extreme change in
the thickness distribution, the principal charactais-
tics of the two sections may be compared with those
of the related normal sections, the N.A.C.A. 0012 and
the N.A.C.A. 6712. The maximum lift coefficient is
little affected by the change in the thickness distrib-
ution,but it is of interest to note (table I) that the slope
of the lift curve of the N.A.C.A. 0012F0 is slightly
greater than 27rper radian, as compared with an appre-
ciably lower slope for the N.A.C.A. 0012. The profile
drag is rdso affected by the change in the thickness
distribution. Of the two symmetrical sections, the
profile drag of the N.A.C.A. 00121?0is much higher
than that of the N.A.C.A. 0012 over the entire lift
range. This is not true, however, for the two cam-
bered sections. Comparing the characteristics of the
N.A.C.A. 0012Fl with those of the N.A.C.A. 6712, we
find that at low values of the lift the profile drag of
the former is much higher, but m the lift increases this
difference becomes less, and in the high-lift range the
profile drag of the N.A.C.A. 0012Fl is considerably
less than that of the N.A.C.A. 6712.

CONCLUSIONS

The variation of the aerodynamic characteristics of
the related airfoils with the geometric characteristic
investigated may be summtid as follows:

Variation with thiclmess ratio:
1. The slope of the lift curve in the normal working

range decreaaes with increased thiclmess, varying
from 95 to 81 percent, approximately, of the theoretical
slope for thin airfoils (27 per radian).

2. The angle of zero lift moves toward zero with
increased thickness (above 9 to 12 percent of the
chord thiclmew ratios).

3. The highest values of the maximum lift are ob-
tained with sections of normal thickness ratios (9 to
15 percent).

4. The greatest instability of the air flow at maxi-
mum lift iE encountered with the moderately thick,
low-cambered sections.

5. The magnitude of the moment at zero lift de-
creases with increased thiclmess, varying horn 87 to
64 percent, approximately (for normally shaped”air-
foils), of the values obtained by thin-airfoil theory.

6. The axk of constant moment usually passes
slightly forward of the quarter+hord point, the dis-
placement increasing with increased thickness.

7. The minimum profle drag varies with thickness.
approximately in accordance with the expression

C%mts=k+ 0.0056+ O.Olt+ O.lti

where the value of k depends upon the camber and tis

the ratio of the maximum thickness to the chord.
8. The optimum lift coefficient (the lift coefficient

corresponding to the minimum profl.ledrag coefficient)
approaches zero as the thiclmesa is increased.

9. The ratio of the maximum lift to the minimum
proiile drag is highest for airfoils of medium thiclmess
ratios (9 to 12 percent).

Variation with camber:
1. The slope of the lift curve in the normal working

range is little affected by the camber; a slight decrease
in the slope is indicated as the position of the camber
moves back.

2. The angle of zero lift is between 100 and 75 per-
cent, approximately, of the value given by tMn-air-
foil theory, the smaller departures being for airfoils
with the normal camber positions.

3. The maximum lift increases with i.noreasedcam-
ber, the increase being more rapid as the -camber
moves forward or back from a point near the 0.3c
position.

4. Greater stability of the air flow at maximum lift
is obtained with increased camber if the camber is in
the normal positions (0.3c to 0.5c).

5. The moment at zero lift is nearly proportional to
the camber. For any given thickness, the difference
between the experimental value of the constant of
proportionality and the value predicted by thin-airfoil
theory is’ not appreciably affected by the position of
the camber except for the sections having the maximum
camber well back, where the dillerence becomes
slightly greater.

6. The axis of constant moment moves forward as
the camber moves back.

7. The minimum proiile drag increase9 with in-
creased camber, and also tith a rearward movement
of the camber.
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S. The optimum lift coefficientincreases with the
camber and for the highly cambered sections a deiinite

“increme accompanies a forward movement of the
cmqber.

9. The ratio of the mtium lift to the Ininimuni
profile drag tends to decrease with increased camber
(above 2 percant of the chord) and with n rearward
movement of the camber (for the hi@ly cambered
sections).

LANGLEY MEMORIAL AERONAUTICAL LADRATORY,

NATIONU ADVISORY COIWITTEE FOR AERONAUTICS,

LANGLEY FIELD, VA., December %0, 19%2.

APPENDIX

It is proposed in this section of the report to present,
briefly, a summary of the results of the existing thin-
airfoil theory (based on the section mean line) as ap-
plied to the prediction of certain section characteris-
tics. Such a summary is desirable because at present
the results must be obtained from several diflerent
sources which give them in a form not easily applied.
Three characteristics are considered; namely, (1) the
angle of zero lift aLO,(2) the pitching-moment co-
efficient Cnd4, and (3) the ‘tided” angle of attack ar,
or the corresponding lift cc&cient C- that is, values
corresponding to the unique condition for which the
theory give9 a ii.n.itevelocity at the nose of the airfoil.
(See reference 16.)

Expressions for lift and moment coefficients may be
written as follovmif the angles are measured in radians:

C.=227(a– ah) (1)

C=J4-39+a%) (3)

If the leading end of the mean line is chosen as the
origin of coordinates and the hailing end is taken on
the z axis at z= 1, then the parameters am, ar, and

p are give~by the following integrab

(4)

where

f,(x) =
–1

7(1 —z) [Z(l –z)]~ (7)

(1–2x)
“@ -277[Z(1 –Z)p$ (s)

‘a(x)‘s (9)

and y is the ordinate of the mean line at a given abscissa
z. The integrals (4) and (6) may be shown to be
identical with the corr?spontig integrals given by
Glauert (reference 15) and by Munk (reference 17),
and integral (5) is given by Theodorsen (reference 16).

The evaluation of these integrals for the N.A.C.A.
airfoil sections given in this report was accomplished
analytically. The values of a% (changed from

radians to degrew), Cmd,and CLI, so computed, are
given in tables III, V, and VIII, respectively, in the
main body of the report. This method of evaluation,
however, cannot be applied to many of the commonly
used sections because they do not have analytically
deiiaed mean lines; hence, an approximate method
must be used. A graphical determination gives good
results and for convenience the values of the three
functions, (7), (S), and (9), at several values of z, nre
given in the following table:

14x-13-
0.Lx!
.C@m
.0m3
. 07m
. lm
. lb

:$

—.
–z 901
–z ml
–L E37
–L W
-L 179
–L 0i9
–. 825
-. %30

1%16
S9.73
13S4
7.4(C
4.716
2 U7
L 492
.Wa

L(.2)

—
z

—
0.30
.40
.IY1

:%

:%

i:

fl(.1) I fl(r) I flti)

-am
-L @a
–L 273
–1. 024
-2316
-3.979

–la 61
-29. Zf
-.

LIR

o
-. m
-. @32

-1.492
-4.736

–12. 84
-m

1.111
.620

0
-. &v

-L 111
-L !310
-3.296
-h m
-.

In general, some difficulty would be expectwd with
the graphical method because the values of the above
functions tend to Mn.ity at the leading and trailing
edges. Actually, because the ordinatas of the mwm-
Iine extremities are zero, the integrand may approach
zero, and does at the leading edge for the integral (4),
and at the leading and hailing edgesfor the integral (6). .
Difficulty, however, is encountered at the trailing edge
for the integral (4) and at the leading and trailing edges
for the integral (5). In order to avoid this d.ifliculty,
integd (4) is evaluated graphically from z= O to
z= 0.96, and the increment contributed by the por-
tion from z= 0.95 to z= 1 is determined analytkdly.
Likewise, integral (5) is evaluated graphically from
z= 0.06 to z= 0.95 and analytically for the extremities.
The analytical determination of the increments is
accomplished by assuming the mean line near the
ends to be of the form

y=a+bz+cd

Evaluating the integrals give9

liaLo 5 – o.964yo.g5+o.0954y; (z= 0.95 to 3= 1)

AaI=
{

+ 0.467yo.u+ 0.0472y&
[
z=O to x= O.06

– 0.467y0.a+ 0.0472yi z=o.95toz=l 1

where yO and ~ are the mean-line slopes at the
leading and tmiling edges, respectively.
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TABLE I.—IMPORTANT CHARACTERISTICS
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.Cnm2
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.Ix@t
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.36
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.4
.47
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.a
.W
.41
.23
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.31
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.42
.43
.36
.37
AJ

.42

:E
.39
.40
.38
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.43
.46
.8s
.40
.40
.42

.:2
.40

:%
.43
.43
.46
.U
.41
.44
.42
.42
.44
.45
.46
.47
.42
.42
.42

:8
.46
.42
.43
.42
.44
.46
.47
.43
.46

.23

.34

.2-9

.46

.4

.44

.39

.39

.42

.6J

,E
26

:

~
m
34
34
34
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25
w
w
24
34
44
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37
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z
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43
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3

41
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46
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m

%
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66
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64
61
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&l
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:
M
EO
66

z
62
60
69
6s
67
64
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2t
!22
24
23
24
z

w
23

2s
63

---7

—

C@xlT
COBB
mlzr
KIf2B
WIST
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337
337

%
3-39
339

340
340

E
—

13
11
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16
16
16

If!
16

16
12

.m
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.WJ

. lm

.W3

.Q37

.023

. IX176

.m

.W6

.0102

.Om

s!
2L5
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la 2

228
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TABLE IL-SLOPE OF LIFT CURVE,%=& tpER‘EGoI

@ ‘~mlj161B2’“;
c% . . ..-.-.. 0.102 mlol Q.101 O.lm acus afw am 0.101

M.::::::dl:/2L

a:::-:_:_,, .;
. . ..-.

g.-:.::.. _.. ----ti. --.7@- --:i@- ------- ------- ------ ------- : ~~

. . - . . . . . .
.102------ ------- ------

[m .103 . Im .101 .Oa? .Qa7 ------ .101
[m .102 .102 .C%9 .Q%3 .W6 .--.– .102

‘m. . . . . . .._.- ..-.–. ------ ----–- ------ ---–– ------ ----–- . lW
27_ . . ..__.. ..-.-. ------- ------- ------- ------- -—– --––- . l@J

42. . . . . . . . . ..- ------- ------- ------- ------- ------- ------- -— ---- .102
lm . Im . Ma . lm .039 .0a6 ------- . Nm
104 .103 . KO .101 .aw Im.0E3-------.m104.KG .101 .101 .fw .Qa5 .-.–– .0a7

~---: ----- ‘~i~- .--iti- --:iE- -.:itii. ..:G. --:=- ~::-::

..- ----

104 .101 .102 .W9 .Om .QM –.––
101 . KQ .101 .m .0a6 . oa4 .-–.–

o&-...._,, .;
. . . . . . . . . . . .

@a. . . . . . . . . . . ------- -------------------— ------------—-—-—-
07--------- ------ ---------------------------------- .-—..

.0

.037

.ml

.101

.101

.101

.m

.Q37

I Addfttonol testshdetermfnevmfatfon tith camber.

TABLE 111.—ANGLE OF ZERO LIFT, ~% (DEGREEf

‘ T~ckn=s
\%’-n Q3 Oa u 16 18 X3am-

m des-
gnotion

\

tllti-l

m..-. -------- -al 0.0 0.0 ao 0.0 -0.1

Al.. __ . . . . . . ..-– -..-. --.. - . . ..-.–...--– ------
23. . . . . . . . . . . . -L8 –20 -L 7 –L 7 ----------
24--------- -L7 –L7 -L7 –1.7 –L9 –L7

-20 -20 -’LO –20 –LS25..-.--.-..11 -20 I
%..--- ... .. . ... ....... ...... ...... ...... .... .
27----------- ---------------------------------

I I42- . . . ----- ------------------ --------–- -----
43. . . . . . . . . . . -3.8 –36 –X7 –3.6 –3.6 -3.6

-X 6 I-3.9 –3.8 47 –3. 4
40 -4.1 -29 –3. 4

% . ... ....- -*9 -

11-.-....l-.-.--l..--l..-.-l---.l-----46.. ------- +3 +1 -
46_______
47_ . . . . . . . . . ------- ------ . . ..-. ..–- ------ –-–.

02... __...- .-.–.. ----- ----- ------ ------ --–-
03... _...-. - 1–L2 -6.4 –h 4 –6. 4 –h 2 –h 2
04-------- -h 6 –6. 9 –6. 7 -6.7 –6. 7 –h 2
a . . . . . . . . . ..- 1+?%3 -& 3 -t 3 -h o -6.7 –E. 3
80. . ..-..--.. ------- ----- ------ ------ ------ ---–
07-------- ------- ------- ------ ------ ------ -----

T-25 12 ‘mm.

—

0.0 0.0 0

----- –L 8 –L W

i

..—. –L 9 –L 92
---- -L 8 –2 ml
-—. –21 –229
.— –23 –2 m
-—- -26 –x 04

.—— –x 4 –x 00

.—— –L 9 -x 34

.—— -3.9 416

.-. — 42 A&s
-.— -4.6 –6. 1.8
.-—. –h o –e+ w

--- –6. 2 –h 40
.-—. -h 5 –6. 76
---- –6.7 -o. Za
--- –3. 2 –& E3
-— -d.6 –7. 78
.- —- –7. o –9. 13

lBos@ionstmfghtpmtlonoflfftweextended. %coneformtuelvalne.
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TABLE IV.-MAXIMUM LllYl! COEFFICIENT, CLm=

1
w------ .0. ss bL27 •L~ *LE3

22------------ ------- . . . . . . . . . ..- ------
23-------- .LfU .1.61 *LEO bL64
24--------- .LOI bL61 bLC4 bL&5
26----------- cL@3 ●L33 bL~ JLf3
20------- ..-..-. .–.-.- .–-. .-—-
27--------- ------ ------- ----- ..-.. -

I I42---–-.– ------------- ------ ------
43–-- . . . . . . ●L!2I *L~ JLf!3 ~LE4
44-------- .L23 *1. m cLOI ●L67
45. . ..-...-. ●1.15 .LE-9 bL@ cL02
46.. ------- ------- ------- ------- -.–-
47_______ ..–.-. ------- ------- .-–—

11-02--------------------------.––63..-------8L64 bL67 bL34 bL66
.es .1.55 ●L69

76 ●L07
04-------- .I.43 ● 1.

1

&5_______ ●L29 cL71 *L
e8 . . . . . .._-– . ..-.-. ..-.-.-–--.-.–––
37----------- ------ ----------------

-L18 21

bL49 .LS3

--——-----
bL43 cL36
●L43 bL=
-—.-. .--.—
------ ..-. —

I--.-.-—.-.
bL46 ●L23
●L47 ●L37
●L64 ●L43
.——.——.-

1,.——------
,—.—..—.-.
●1.42 ●L37
●L61 ●L41
●L61 .1.49

23. 12

— —

*L21 ●LE2

bLEO-.-—
$L31-— .-.
6L02,—. —.

------- bL62 /
~L4M,------

.--.-— bL139

oL71-.——
--–– bL03
-—— oLL?5
.-—– ~L09
------- bL76

●L32-------

--.– bL76
-—- bLIM
------ ●L67
.--.-— .L76
----- . 0L83

●L95----- .

Nom.—Letterfndfcat& ~of14ftcnrvePmk.
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TABLE V.—MOMENT COEFFICIENT AT ZERO LIFT, C..

ThfCkness
d&dg&

‘\

w m 12 16 L9 21 26 I 12

k d-
fglmuon

Cm______ –a cm –a Im –a m2

1am –am –a m –a 5X3

B... ___... __=._G_._z._G.-__T@- -----—.———------——-—. —-—-2-
3__-–_..
24_______

–. CM ___:G_ ---------.—-------
–.m –. 0!4 –. M –. 040

a__–__ –. 64.s
–. a36 ––.––.–

–. 0s2 –. MO –. 649 –. 047 –. 043 --.–.–.-..

I
42_ .---z:ti<.-_--1T6_ .._=:6_-: --.-=:&_-_=._&_.---T@..--------
43.. _–.__.
44-_._ –_. -. Cd7 –. 0s.9 –. am –. w

--. -.. -. —..
–. 078 -.071 --------

46._-—__ –. ml –. lm –. 102 –. Q37 –. C94 –. m -------
46------- –.--—–.- ––—–.- —. —---- ----.--–— ––--_-- .._-.-.__ _______
47_______ .-.-—_.- .-–-_— -------- ---..-–.– –.----.– ---------- ..-. ______

cf4-

I .1
—___.--—---—..—.-.——.——.—.

EL__ 1 —. IW –. 110 –. m
64---=: 1 —. 123 –. 133-
6s

–. 123
-— --—.. -. l&4

eO—----- -lMl- _-x!-----
67—------ -—. —-. .— ------ -—-—— .

_—-—---- -——--.- __________________
–. m –. Qa7 –. m ... .. . . . . . .
–. E/.5 –. Ifs –. 110 ––.-.–—

1—. ~ –. 139 -. E9 –.-.-..––

1
.—-.—————___________.---..__..————--——_-_____.-._...__.-.-..I

-a m

-a w
–. ma
-. CM
–. 6s4
–. MO
-.076

–. Ow
–. 076
-. m
-.165
-. K44
–. 143

1 -. m?
-.110
–. ]32

1 —. I,gJ
1 —. ]~
1 -. m

I Bassd on at pnrtfon of momentcmve eutandd. 6Wcamoforaotnalvalna.

TABLE VI.-DISPLACEMENT OF CONSTANT MOMENT
POSITION IN PERCENT CHORD AHEAD OF QUAR-
TER-CHORD POINT (100 TIMES VALUES OF n FOR
EQUATION C.=,l= Cq+nc’ )

\

Tt#oJnmn

tie; ~ ~ * 16 * ~ ~

c8m- lz.

ber d-
@atIon

m .--. .-. -.—

1- -

a7 a7 a9 LI L4 ‘L8 26 a9

2a._._ a__ _:3_ _..T _-& ~F- _- .4
23... _____

———
——-——- ---- .6

24____ .4 .7 ;; L6 -----
25.. —-. ::
23

:; .3 .6 L? —–. ::
.—. .—. .-— .—-— .—— ——. _— ———

z
.8

.-— - .-—. —-- ..— — ._ .—-— ____ ____ .8

42—----- _-— —-. .=F. .__.- ____ .__& ___ .3
43___ .4 L2
U—__ :: .3 .6 i; L4

L6 —––

45—_.
1.7 -––– ::

.3 .3 .8 .9 L4 L7 ___ ;.
46._. — . —.—— —.—— ——— ——-. .--—
47___ .-— ._ ____ ____ ___ ___ ____ L3

a .— —. .—. --—— .—— — —-. — .-. -.— ____
63

.2
—— -. 4 .1 .4 .9 L1 L6 ____ .5

66
.0 .6 .9 L? –-— .8

;:
~ — —— :7– _La_ _. _Lg.- 1:–:
67

::
—— — —.—. —— -- .— ——-. ..— — ___ 21

TABLE YU.-MINIMUM PROFILEDRAG COEFFI-
CIENT, C%tin

bor d-
Igrmtfon

00 acm6 a 6074 accm am a 01G9

42 ._l_l___ l___l__-L---__llll
——— .Cm

2__—— .(46.-— — .(

,==!l!$ll~!!* !!!!
m :IxQ4 :M04 :Olm :M32 lm46 Z
KQ3 .OWI .6LU .01Z7 .ma .o164 -––

.Cm2

.Cm6
ala&

.@m

.mo4

‘rfwJr.

o

-_: p7J

–. 0s31
-. m
-.0749
-. ctU2

–. m
-. al%
-. Km
-.1257
–. 1497
–. Iu

-. llcra
–. 1342
–. lEW
-. Ea6
-. Z246
-.2737

TABLE VJ31-OPTIMUM LIFT COEFFICIENT, C~~

u——.
1111111

am am am am am am am am o

z2———._ .-:ii– —— ---- —.--- .-. . — ---- —------ .17 n.m
23—— .10

1“-‘------‘----
.10 ..–- __.. .-._. Iii :iji

-— .23 % .15 .lfl .ll .07 . . . . . . .!m ,=
Z___ .13 .16 .16 .11 .@ .m ----- .23 ,261

— -..-—. ----- . . . . . . . . .._ ----- .- ._. -----
z

.m .2E8
—--— ---—- ----- —-. . . . . . . . .-. .— ---- .20 .272

42 ----— ——— — --------- .. ---- ---- .- .-. .
43

.23 .010
—.-—, .2.5 .8 .23 .12 .m .03 ._._ .34 .W

.33 .22 .16 .10 . . ..– .32
34 .Z .23

.612
.16 .m . ----- .30

.30 :%

.?s .M4

44-—__-_Il .40 I .
46 ——-

1 1“--
.40 .3

46
47— — ‘--- -–-–- ‘--— ‘---- ‘----- -----------—— —---..-—- .-. — ____ . . . . . . . . . . . . . . . . . .

62.— —---- —-. .—. — .- .-. . .-. .— . . . . . . . . . . .
—— .m .46 .40 .33 .!24

.s—_—— . .
.13 . . ..-

.66 .42 .33
e-5

.24
.$’ .E3 .42 .33 .24

.16 . . . . .
———

64
.10 . . . . . .

—.— —--- ------ ——. . .. ___ _. -.. . . . . . . . . . .
67— -— ---------- .- ..-. —-. . ----- . . . . . . . . . . .

.-.

.66

.47

.46

.46

.3a

.30

----
.6-23
.816
.767
.764
.767
.810

1 Tlmretkd Ifft waflloientat “Ideal” angle of attook.

TABLE IX.-RATIO OF MAXIMUM LIFT COEFFICIENT
TO MINIMUM PROFILED RAG COEFFICIENT,
CL- tcDo=in -

m____..\l E-5 1 172 I 134 ] 164 I 133 I 116 I 84 II

22–.-—-I -.--l-=.. .-ti.. ‘-i~---:-:~- ;:::... . . . . . . .

!&______ :2
X-----

i

m m 1 .-.......
26

izt- lce -------
—— ---- ;%!

B______ .x. ..!::. _E!_ __ . . . ..!!l .-:!!..
.- .-. .
------

27_______ ---- ---.– __..- . . . . . . . . . . . . . . ..-.-.. ------

~ II
42____ -b_ .-z--------------.......---._-------
43 —.. — 161
4L——.— g

146 1?3 !39 ------
lm

46—.— %! 164 :: z M :1:
46____ –—. ------- ------ ._._ -....-. .-.--.- ------
0

—-—n----– ----------------- ------ ------- -------


